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Foreword 

Before we define the exact meaning of the term “interface”, we will go back to its  
etymological roots and examine some of its historical concepts. The word interface is 
derived from the Latin words “inter” which means “between” in English and “facies” 
which means “face”. One German translation of this word is “Grenzfläche”. The Eng-
lish translation of the German word “Oberfläche” is “surface”. There is an etymological 
and conceptual connection between “surface” and “interface”. We may therefore say the 
study of “interface” is part of “surface science”. In that sense an interface is the surface 
between two phases, it is for example the surface between two liquids like oil and water, 
which are immiscible. In a more exact sense surface science is the study of physical and 
chemical phenomena that occur at the interface of two phases, which includes solid-
liquid interfaces, solid-gas interfaces, solid-vacuum interfaces, and liquid-gas interfaces. 
It includes such fields as surface chemistry and surface physics. Surface science is 
closely related to Interface and Colloid Science (J. Lyklema, Fundamentals of Interface 
and Colloid Science, 1995-2005).  

The difference between surface and interface is intricate. Both terms contain the 
word “face”. An example for their historical relationship is that the first surface stud-
ies were directed to the “face” or the surface of the world. Geometry is today the part 
of mathematics that deals with the properties of space. Initially geometry dealt with 
such problems as measuring the surface of the earth. The word “geometry” comes 
from the Greek words “geo”, the earth, and “metria”, to measure. This measurement 
of the earth is today called cartography. The word originated from Egypt. The Greek 
word “chartis” meant paper made from the papyrus plant. The Romans formed the 
Latin word “charta” from the Greek “chartis”. In the 15th century it became “carte” in 
French or “Karte” in German. In the 17th century it became “Landkarte” in German, a 
“carte of the land”. Cartography (from the Greek “graphein”, to write) or mapmaking 
is therefore the study and practice of making a representation of the earth on a flat 
surface. One problem in creating maps is that the surface of the 3-dimensional earth 
which is a curved surface in three-dimensional space, must be represented as a flat 
surface in two dimensions. This entails a degree of distortion. This can be dealt with 
by utilizing a projection that minimizes the distortion in certain areas. The earth is not 
a regular sphere but a geoid. This is highly irregular but exactly known and has a 
calculable shape. 

Cartography is a study of the surface of the earth, which combines science, aesthet-
ics, and technology. Cartography is the study and representation of this system. The 
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term “interface” means more than the study of the interface of two phases. It means 
the study of the representation of two phases. The study of the surface of the earth 
produces an interface that represents the earth. This representation allows for the 
manipulation of the interface and the representation and it produces the possibility of 
interaction. We can interact with the interface in the same way as we act with a sur-
face. Current trends in this field are moving from analog methods of mapmaking 
towards the creation of dynamic, interactive maps that are able to be manipulated 
digitally.  

The famous philosophical problems of representation discussed by Jorge Louis 
Borges and Jean Baudrillard have an early example of this practice. The study of 
interface is the study of representation and simulation. In “La Précession des Simu-
lacres” (Traverses, no. 10, Paris 1978) Jean Baudrillard refers to Borges’ story about 
the map and the territory to prove his thesis. That is, simulation precedes reality:    

“In that empire, the craft of cartography attained such perfection that the map of a 
single province covered the space of an entire city. The map of the empire itself cov-
ers an entire province. In the course of time, these extensive maps were found to be 
wanting. The college of cartographers then evolved a map of the empire that was of 
the same scale as the empire and that coincided with it point for point. Less addicted 
to the study of cartography, succeeding generations thought a map of this magnitude 
as cumbersome. They accordingly abandoned it to the rigours of sun and rain. In the 
western deserts, tattered fragments of the map are still to be found, sheltering an  
occasional beast or beggar. No other relic of the discipline of geography can be 
found.” (J. L. Borges, A Universal History of Infamy, Penguin Books, London, 1975) 

We know from Borges and Baudrillard that maps have the tendency to devour  
the territory. Media such as maps simulate reality or territory so perfectly that no 
difference can be perceived between representation and reality.  

A map is only in a restricted sense an interface. On one side the map following 
Borges and Baudrillard can substitute the land, therefore cartography could be seen as 
the beginning of the use of interfaces: the study of the surface (of the earth) tends or 
turns towards a study of the interface. On the other side only media, not maps, can 
interfere with reality. But for an interface this interference is fundamental. Cartogra-
phy therefore can be seen as a link between surface and interface studies. Cartography 
extended, from the surface of the earth to the sky. Astronomy, especially when map-
ping the positions of the stars and planets on the celestial sphere, provided a fruitful 
source of geometric problems. Finally, we had a map of the whole world. Mappa 
mundi is the general term used to describe Medieval European maps of the world. 
Approximately 1100 mappae mundi are known to have survived from the Middle 
Ages. The measurement of the earth gave rise to the idea even in antique times that 
the earth is curved. Eratosthenes of Kyrene (284-202 B.C.) proved that the earth is a 
sphere.  

At the end of the 18th century the study of surfaces advanced an important step by 
studying the minimae areae of surfaces. The mathematician J. L. Lagrange (1736-
1813) formulated in 1790 the problem of how to fit a minimal surface to the boundary 
of any given closed curve in space. Joseph A. F. Plateau (1801-1883) was a pioneer in 
cinematography and invented in 1836 an early stroboscopic device, the so called 
"phenakistiscope". He solved Lagrange’s problem experimentally by using soap films 
in wire frames. Plateau also studied the phenomena of capillary action and surface 
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tension (Statique expérimentale et théorique des liquides soumis aux seules forces 
moléculaires, 1873). The mathematical problem of existence of a minimal surface 
with a given boundary is named after him. A surface may be “minimal” in respect to 
the area occupied or to the volume enclosed. The area being the surface which the 
soap film forms when it fills a ring, irrespective whether it is plane or not. Geometers 
are apt to restrict the term “minimal surface” to these forms. More general, to all cases 
where the mean curvature is nil. Others, being only minimal with respect to the  
volume contained, are called “surfaces of constant mean curvature.” Limiting our 
studies to surfaces of revolution—surfaces symmetrical about an axis—we now find 
that there are six shapes: the plane, the sphere, the cylinder, the catenoid, the undu-
loid, and a surface that Plateau called the Nodoid. Of all possible figures, the sphere 
encloses the greatest volume with the least area of surface (Jacob Steiner Einfache 
Beweise der Isopermetrischen Hauptsätze (Simple proofs of the isoperimetric axi-
oms), Berlin 1836). As such, the sphere is an ideal body mathematically, and also 
biologically. Oil globules and soap bubbles are examples of the sphere in nature. A 
model for the organic cell being in a “steady state” simulating equilibrium.  

We see that the mapping of surfaces changed in the course of centuries from geo-
metrical to mathematical means and the mathematical mapping of surfaces turned from 
macroscopic phenomena, on surfaces maximae areae like the globe, to microscopic 
phenomena on surfaces minimae areae, such as a bubble. After a while a metaphorical 
analogy between the globe and the bubble could be made. Men live on the globe like in 
a bubble. Men live in the world like in a bubble. The idea of “The World as Interface” 
(Otto E. Rössler, Endophysics: The World as an Interface, 1998) was born. Men act on 
surfaces of the earth or in a world with interfaces. Men live in a bubble, needing inter-
faces to interact with the world. Finally the whole world itself becomes an interface. 
The idea became popular after the true case of David Phillip Vetter (1971–1984), a boy 
who suffered from a rare genetic disease known as „Severe Combined Immune Defi-
ciency Syndrome“ (SCIDS). This forced him to live in a sterile environment, within a 
plastic shell. David's story, along with that of Aplastic Anemia patient Ted DeVita, 
directly inspired the widely recognized modern American pop culture reference to 
“The Boy in the Bubble” the title of a Paul Simon song.  

The study of the surface of the earth and the study of the world as an interface was 
enhanced by the arrival of the computer in the field of art and science. Surfaces be-
came a way of representing objects by computers as wireframes, lines, curves and 
solids. Even surface faces came in, trimming a cylinder at an angle. Surface faces 
allow a surface to be limited to a series of boundaries projected onto the surface at 
any orientation, so long as those boundaries are closed. Not only objects can be repre-
sented by surfaces. They can also be represented by CAD/CAM systems. Computer 
representations of surfaces are surface studies of the second order.  

The computer allows us to study the relations between the surface and interface in 
a new way. The first, surface or in German the “Oberfläche”, is the geometrical or 
mathematical definition of the sum of all areas, which limit the body from exterior. 
Secondly, the surface is as “interface” the area that acts as a boundary between two 
different material states, and example is the boundary between a liquid and solid-or as 
a border between two different bodies. We see that the difference between an “inter-
face” and a “surface” is ambiguous. The two concepts are interrelated. Surface chem-
istry and surface physics study the properties of interfaces. Surface chemistry can be 



  Foreword VIII 

approximately defined as the study of chemical reactions at interfaces. The adhesion 
of gas or liquid molecules to the surface is known as adsorption. Surface physics can 
be approximately defined as the study of physical changes that occur at interfaces. It 
overlaps the area of surface chemistry. The study and analysis of surfaces involves 
both physical and chemical analysis techniques. A renewed interest in Interface and 
Colloid Science, coupled with a new generation of analytical tools such as the Atomic 
Force Microscope (AFM), and the Scanning Tunneling Microscope (STM), it was one 
of the sources for the study of nanotechnology and bio-interface science. Examples of 
nanotechnology in modern use are the manufacture of polymers based on molecular 
structure, and the design of computer chip layouts based on surface science. Thirdly, 
in the age of computing an interface defines the communication boundary between 
two entities. These entities act as abstract black boxes of which only the surfaces are 
visible. We can call these entities or systems black boxes because the entities only 
provide an abstraction to the exterior. The description of the boundary is a part of the 
black box. Therefore these black boxes have only to know the face, which is turned to 
the inside to provide the means of communication. This is a new meaning of inter-
face. The black boxes do not have eyes peering outwards. They are only able to look 
into the inside. Only the surfaces of the boxes have to adjust to be comparable. The 
internal operation may be different to the external communication. The interface pro-
vides the interconnection between the internal and the external operation. This is the 
meaning of interface. The interface provides a translation between the two entities or 
black boxes.  

We have many types of interfaces. For example there is the interface in chemistry, 
which is a surface forming a boundary between two phases. The interface in physics is 
a surface forming the boundary of a body measured from the outside. There are Soft-
ware interfaces and Hardware interfaces between the physical systems in computer 
technology. Network interfaces are points of interconnection between a terminal and a 
network or between networks and there are data interfaces and user interfaces. Human-
Machine Interfaces or Man-Machine Interfaces are the aggregate of the means by 
which users interact with the machine, devices, computer programs or other complex 
tools or systems. These systems may be considered to interact like black boxes. The 
machine is a black box and the human is a black box. They do not speak the same 
language and an interface is necesssary. The interface translates the operations be-
tween, the hardware, the software and the user. Even when internal operations in these 
entities are different. Since we are dealing with black boxes, we use an input and an 
output. The user manipulates the input, the system reacts with the output to show the 
effects of the user’s manipulation. In computer science the user interface controls or 
provides this interaction between the system or black boxes. It provides the visual, 
textual and acoustic output information the program presents to the user. It provides 
the control sequences which the user employs to control the program. In the history of 
the user interface from batch interface, to touch screens, from command line user inter-
face to graphical user interface, best known is the contribution by Ivan E. Sutherland. 
He received the Turing Award in 1988 for his invention of Sketchpad, a predecessor of 
the graphical user interface which is ubiquitous in personal computers. Sutherland’s 
doctoral thesis Sketchpad, A Man-Machine Graphical Communication System, 1963, 
was supervised by Claude Shannon who is considered to be the father of information 
theory. Sketchpad could draw horizontal and vertical lines and combine them into 
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figures and shapes. Figures were able to be copied, moved, rotated, or rescaled. 
Sketchpad had the first window-drawing program and clipping algorithm. This allowed 
“zooming”. Sketchpad ran on the Lincoln TX-2 computer and influenced Douglas C. 
Engelbart's On-Line System. Engelbart is another seminal figure in the history of inter-
face design and in 1962 he published “Augmenting Human Intellect: A Conceptual 
Framework”. In 1967 at the Stanford Research Institute he developed an “X-Y position 
indicator for a display system” now known as the “computer mouse”. With the help of 
his student Bob Sproull Sutherland created what is considered to be the first virtual 
reality and augmented reality head-mounted display system in 1968. It was primitive in 
terms of user interface and realism. The head-mounted display worn by the user was so 
heavy that it had to be suspended from the ceiling, and the graphics comprising the 
virtual environment were simple wireframe models. In 1968 he and his friend David 
Evans founded the firm Evans and Sutherland. This company has done pioneering 
work in the field of Real-Time hardware, Accelerated 3D Computer Graphics, and 
Printer Languages. Former employees of Evans and Sutherland later founded compa-
nies such as Adobe (John Warnock) and Silicon Graphics (Jim Clark). Through this 
personal history we perceive a glimpse of the further development of interface tech-
nology. Jim Clark with Marc Andreessen founded Mosaic Communications Corpora-
tion. This firm was later known as Netscape, it released a web browser called Mosaic 
Netscape 0.9 in 1994.  

The user interface has expanded from the map to the computer. Now with the help 
of the computer there is also a digital map of the earth available. Google Earth is a 
representation of the earth using satellite and computer networks. We cannot interact 
with the earth, with the reality, through the map, but we can interact with this digital 
map on the level of representation. We have a blend of surfaces and interfaces. The 
human system uses Google Earth, the machine system, as an interface in order to 
observe the surface of the earth, which is another system. These three systems interact 
like black boxes. We learn from this example that the art and science of interface and 
interaction design is bounded to the domain of representation. This process may be 
called “interfaciology”. We still interact within the Empire of Signs (Roland Barthes, 
1970), with representation. We do not interact with reality. That is, we interact with 
the map, not the territory. The next step is the interaction with reality using computers 
as an interface. Musical scores are for the future relevant interfaces. Guido of Arezzo 
is regarded as the inventor of modern musical notation (staff notation) that replaced 
neumatic notation; his text, the Micrologus (1025), was the second-most-widely dis-
tributed treatise on music in the middle ages (after the writings of Boethius). Guido of 
Arezzo is also the namesake of GUIDO Music Notation, a format for computerized 
representation of musical scores. Guido invented the five lines of the contemporary 
score to fix the tone pitch. The score is an instruction to tell a performer what he has 
to do with his instrument. So we have on one side a subject (in the world), on the 
other side an object (of the world) and a score between subject and object, which 
describes the transformations of phases of the object executed by the subject. We 
recognize: a score is an interface for the real world. The score is an interaction design.  

Human-computer interactions turn into human-computer-world interactions. 
Brain-computer interfaces will anticipate and enhance interactions between living 

biological systems. Marcus Textor’s bio-interface science is the beginning of new 
interfaces that study the interaction between living systems and living organs instead 
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of interactions between mechanical (machines) and biological systems (humans). To 
achieve this aim interfaces must become intelligent in a similar manner to humans. Jef 
Raskin, the so-called “Father of the Macintosh,” sketched in his book The Humane 
Interface. New Directions for Designing Interactive Systems (2000) new intelligent 
ways for communicating information between man and computer. The head of the 
Interaction Design Department of The Royal College of Art in London (since 2004) 
Anthony Dunne has also developed new and valuable contributions to interaction 
design theory (Hertzian Tales, 1999; with Fiona Raby Design Noir, The Secret Life of 
Electronic Objects, 2001). 

Interface technology has not only become a global industry but is a source for new 
world visions culminating in the Philosophy of Cyberspace. In a first approach the 
concept of an interface had to do with the transformations of states, phases or represen-
tations. The keyboard of the computer is an interface between a man and a machine. 
Man-machine interfaces are therefore the most popular concepts for an interface. How-
ever, parts of software can also be called interfaces. That is if it allows communication 
between two or more programs which have been written in different languages. An 
interface has not only to do with transformations but also with communication between 
systems or the parts of a compound system. With these definitions in mind, we then 
can ask whether our natural sense organs might also be interfaces between man and the 
natural environment. Do they provide communication between parts of a compound 
system? That is between us and the world? It was declared evident in the movie  
Matrix, realized in 1999 by the Wachowski brothers, that the world is a supercomputer. 
More precisely, the product of a supercomputer, where humans interact through ma-
chine interfaces. Three dimensional interactions in the virtual world led to the meta-
phor that our real world could be a computer programmed digital world where the 
inhabitants could also be digital simulations. Both of these systems, the inhabitants and 
the world, could interact three-dimensionally without realizing that they were part of a 
simulation as a computer game such as Cyberia (1994). The boundary between map 
and territory, representation and reality, between mechanical and organic, machine and 
human, simulation and real becomes blurred. That is how we look at the world from 
the perspective of interface theory.  

The two volumes of The Art and Science of Interface and Interaction Design offer 
a survey of the newest ideas and practices of interaction design and interface technol-
ogy. Cartography has combined science, aesthetics, and technology. It may be consid-
ered as the first interface, but without having interaction. Now, interface technology 
again combining science and art, allows for interaction. The study of representation 
evolves into the practice of interaction. The editors C. Sommerer, L.C. Jain and 
L. Mignonneau have to be praised for showing us, by their selection and commission 
of essays, how the “empire of signs” turned into the “empire of interfaces”.  

Peter Weibel 



Preface

We live in a time of rapidly evolving digital systems and the way we creatively 
express ourselves has strongly been influenced by the media systems we use on a 
daily basis. Software and hardware technologies are continually updated, forcing 
digital creators to constantly adapt themselves to the ever new creative potentials 
inherent in these technologies. 

Artists and creators in interactive art and interaction design have long been conduc-
ting research on human-machine interaction. Through artistic, intuitive, conceptual, 
social and critical projects in interaction and interface design, they have shown how 
digital processes are essential elements of the artistic creation process. However, 
resulting prototypes have also often reached beyond the art arena into areas such as 
mobile computing, intelligent ambiances, smart homes, intelligent architecture, fashion-
able technologies, ubiquitous computing and pervasive gaming. 

Many of the early artist-developed interactive technologies have influenced how 
we interact with technology today and commercially available media products and 
services quite often have their roots in early artistic inventions and prototypes. 

This book aims to present a snapshot of important topics in interaction and 
interface design. It presents articles of some pioneering practitioners and theoreticians 
in these fields. Additionally, it sketches out new emerging research areas where 
interactive art and interface design have influenced new design practices, products 
and services of today’s media society. 

We hope to present to the readers an interesting range of articles that cover some 
areas of current and future applications of interface and interaction design. As inter-
activity and connectivity are going to spread into areas such as healthcare, security, 
product design, shopping, entertainment and all forms of mobility, it will remain to be 
critical to the artists and designers to creatively deal with an increasingly detected, 
measured and connected world. 

We wish to thank the authors and reviewers for their wonderful contribution and 
support.  

We would also like to extend a special thank you to Springer-Verlag for working 
again with us on the merging of the Arts and Sciences. A special thank you should 
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also be expressed to the University of Art and Industrial Design, Interface Cultures in 
Linz Austria, where we have been given the opportunity to conduct research in artistic 
interface and interaction design. 

Christa Sommerer 
Lakhmi C. Jain 

Laurent Mignonneau 
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Introduction to the Art and Science of Interaction and 
Interface Design 

Christa Sommerer, Lakhmi C. Jain, and Laurent Mignonneau 

Abstract. This chapter serves as an introduction to this book and will give a brief overview on 
the following chapters and their relationships towards the topic of artistic aspects of Interaction 
and Interface Design with special focus on how the notion of interactivity developed in the Arts 
and how early interactive artworks have left marks in later consumer products and interaction 
paradigms. 

1.1   Introduction 

The first volume of the book “The Art and Science of Interaction and Interface De-
sign” is concerned with the question how interaction and interface design have their 
roots in human computer interaction engineering. They also may be seen to have 
parallel development in media art and more specifically in the interactive arts. The 
products of interactive technologies are increasingly spreading into our private and 
professional lives. It is interesting to see where early notions of interactivity came 
from. Another aspect is how media artists and media designers over the past 40 or 
more years already looked at the merits of interaction in their artistic and in their 
conceptual work. The sheer amount of publications related to interactive art and me-
dia art documents that this field of practice-based research has matured. [1-67] 

Peter Weibel, one of the pioneers of media and interactive art (who also kindly 
contributed the foreword to this book), has already, in 1968 produced an early form of 
interactive artwork, the “Action Lecture No. 2,” where he projected films of himself 
giving the same lecture projected on his own body on stage, while at the same time 
the audience could influence the operation of the film projector, the tape recorder and 
the second tape recorder which played music [3]. Weibel later, in 1989, predicted that 
modern art as a whole was undergoing a development towards the ‘inter’ principle, 
and he foresaw the social possibilities offered by this technology, such as participa-
tion in and interaction with the artwork as a model for emancipationist communica-
tional forms.” [4] Another pioneer and early promoter of interactivity in the Art and 
Sciences is Itsuo Sakane, who in 1984 and 1987 organized science and art exhibitions 
that included many early interactive art works, where he underlined the entertaining, 
educative and playful aspect of interactivity and user participation [5, 6]. The ground-
breaking exhibition Cybernetic Serendipity organized by Jashia Reichardt in 1968 
brought together early artworks using sensor technologies and early forms of interac-
tions [1], which anticipated an art form that Cynthia Goodman in 1987 described as 
“Digital Vision” [2]. 40 years later these visions and predictions of Reichardt, Sakane, 
Goodman and Weibel have become reality in media art, interactive art, robotic art, net 
art and any do-it-yourself Web.02 creativity, that relies on creative interactions and 
exchanges. 



2 C. Sommerer, L.C. Jain, and L. Mignonneau 

The term “interactivity” has become so relevant these days, that a tendency is it to 
be obsolete [68, 69]. Subscribting to this notion would be naive and unproductive. In 
fact almost any media product nowadays relies on some form of interface and interac-
tion design. This is irrespective whether it is a personal computer, multi-media mobile 
phones, wearable technologies, smart boards, multi-media service points, interactive 
guides, intelligent environments, and interactive art, entertainment and edutainment 
systems, for example. The study of Human-Computer Interaction and Interaction 
Design [69 -98] goes back to the mid 1960s where Engelbart [69], Papert [71] and 
Kay [70, 74] investigated how to design interfaces for better expressing human crea-
tivity. Kay was convinced that creative processes always include the use of sensormo-
toric and iconic forms of representations, especially in art and science. Kay’s group in 
1981 developed the famous first commercial workstation, the Xerox Star, which in-
cluded the first graphical user interface that was easy and intuitive in its use. This 
workstation had an enormous impact on how we use and interact with computers 
today and in fact popularized graphical user interfaces (GUI) altogether.  

Since then Interaction Design has become full-fledged research area and a recent 
stream of publications just underlines how important this topic is for designers and 
engineers alike [82-98]. In his seminal books “Total Interaction” Buurman [90] looks 
at how designers have become “the engineers of experience,” who have to solve the 
“core problem of emulating, supporting and replacing the endless possibilities and 
repertoire of interaction through technological processes.” Buurman also points out 
that this coordination and the creation of social meaning is achieved through the use 
of technology and the exploitation of new potentials in diverse contexts. We com-
pletely subscribe to this notion that “interaction is a social construction”. We consider 
the work of media artists dealing with interaction, which is as yet another valuable 
form of creating social meaning obtained by interactive design and the creation of 
social experiences.  

When we ask the question as to when artists started to use interaction in artworks, 
it is necessary to distinguish between interaction as a social form or for participation 
and execution of instructions, as it was already practiced in the participatory artworks 
of Dada (1916-1920) [99], Fluxus (about 1960s) [100] and Conceptual Art (1960s) 
[101]. The interaction was achieved through technological means. In the later cate-
gory the early works by Schoeffer, Seawright, Ihnatowicz and Martin are the key 
works to consider [described in 1, 102] as these projects have already reacted to the 
environment and to viewers through the use of various sensor technologies. Paul, 
Gere and Rellie [103] put together a comprehensive exhibition and catalogue which 
deals with the connection of early instruction based artworks and art responding to 
input and its environment. From this compendium we can learn that artists, since the 
1920s, have considered interaction and participation as a means of engaging in a  
social dialogue. 

It was in 1990 that Interactive Art became a widely used term. This was when the 
largest and oldest media art festival in the world, Ars Electronica Festival in Linz, 
Austria started to include “Interactive Art” as a new category in its international com-
petition, the Prix Ars Electronica [8]. Krueger [104] is often quoted as having origi-
nally coined the term and, not surprisingly, he was the main award winner in this 
category in 1990. The head of this category’s jury was Roger F. Malina and he de-
scribed “Interactive Art” as a new emerging art form. This was because it changes 
the status of the observer. The artists have started to use the viewer as an active  
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component to their artwork [105]. The award winning artworks by Krueger, White 
and Shaw according to Malina “break down the traditional role of the observer as 
being external to the artwork.“ One could strictly say that this breaking up of bounda-
ries between the observer and the artwork had been achieved already by Dada [99], 
Fluxus [100], and in Conceptual Art [101]. The way in which this involvement of the 
viewer into the development of the artwork was through computer algorithms and 
sensing technologies was new.  

What is relevant to our discussion on interactivity and interaction design in the arts 
is the fact that in the early 1990s and perhaps long before (Myron Krueger [104, 
106]), artists started to be unsatisfied with the interfaces to computers provided by 
hardware manufacturers. Malina sees a logical causality in this as “the artist who is 
used to the degree of control permitted by a paintbrush or pencil, is often disappointed 
by the usual computer graphics system” [105]. Similar arguments from music could 
state that “musicians who have learned to play musical instruments using ten fingers, 
two feet, body motions as well as their lips and breath are frustrated by being forced 
to use a keyboard” [105]. In fact Malina’s statement is still valid today and the need to 
design new artistic user experiences and new specific interfaces in hardware or soft-
ware has kept hundreds of media artists in Interactive Art busy since the 1990s. An 
excellent overview of these different types of artistic interfaces and interactive sys-
tems is provided in the yearly Prix Ars Electronica catalogues [8, 9, 11, 15, 17, 21, 25, 
32, 35, 37, 44, 47, 53, 55, 56, 57, 58, 63] in the category of Interactive Art since 1990, 
as well as the Next Idea categories (from 2004 on) and the Hybrid Art category (from 
2007 onwards). 

Let us now return to the initial argument that interface design and interaction de-
sign for artistic purposes are valuable ways of creating social meaning through the 
creation of social experiences. We now show examples of how this can be done by 
introducing various authors and experts. The selection of topics is based on the need 
to extract sub areas of interaction and interface design and its interconnection with 
and to interactive art. We focus on areas where the notion of interactivity is currently 
being discussed and designed. It considers where it has spread beyond the pure art 
context into wider fields and application. These include architecture, fashion, gaming, 
communication and design. We are aware that the selection presents a very small 
fraction of the areas and individuals who advance these fields. However knowing that 
“interaction” itself is a term that is not even defined and has different significance in 
different disciplines, we allow ourselves to propose topics that bring artistic and  
scientific principles and approaches together. 

It is not the aim of this book to give a survey of the field of interaction and inter-
face design. This would be impossible due to interdisciplinary nature of the field and 
many other books have done this already, see [69-98]). It is hoped to outline currently 
discussed topics in interaction design and interactive art. The term interactivity and 
interaction have become important motivations in this field of art and research  
practice and production. 

1.2   Chapters Included in This Book  

The book contains 11 chapters. Chapter 1 is the introduction. Chapter 2 was written 
by Dr. Katja Kwastek and it provides a comprehensive overview of the term  
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interactivity, and spans to social psychology. Here interaction was seen as a form of 
social relationship between humans. It considers cybernetics where interaction was 
defined as a process of feedback that could be extended to machines. Kwastek sum-
marizes how the term interactivity was reformulated in computer science in the 60ies, 
when the first graphical interfaces, the “Sketchpad" developed by Sutherland [107], 
and the computer mouse developed by Engelbart [69] were invented. It was also in 
the mid 1960s that artists and engineers such as Krueger [104] and Sandin [108] 
looked at the power of interactivity for art systems and designed interactive projects 
such as “Glow Flow”. This was one of the first user participatory computer artworks 
and users could change the artwork through stepping onto an interactive floor. 
Kwastek also works on the difficult challenge of creating a classification of the term 
interactivity. She categorized it into different degrees, creating a taxonomy that tries 
to capture important components of interactive works in art and design. The author 
also points out that epistemological and aesthetic concepts play a seminal role in the 
artist's realization of their ideas. 
 
Chapter 3 was written by Dieter Daniels, who is an expert key media theorist. In his 
article “Strategies of Interactivity” he considers into early forms of interactivity which 
may be traced to Duchamp’s notion that every artwork needs some form of audience 
participation [109]. Daniels then provides information on early user-participatory art, 
such as the work of Cage [110] that goes back to the notion of the “open work of art,” 
as described earlier by Eco [111]. The development of the term interactivity is traced 
by Daniels as a two-fold path. He cites Turing’s technical approach that leads to the 
feasibility of human-machine communication and ultimately to the development of 
computers. On the other hand Brecht’s approach [112], in 1929 envisioned a user-
participatory radio. Daniels then pushes this dichotomy of technological versus cul-
tural and open versus closed notion of interactivity further by comparing Cage and 
Gates. He supports this somewhat unusual approach by juxtaposing Cage’s open 
approach on composition as a form of open social process with Gates approach on 
interactivity as a result of an economically and technologically determined pattern. 
The more wide-spread acceptance of media art, according to Daniels, stems from the 
interference of social theory and mass-media technologies in the 1970ies and the 
sudden surge of interactive art in the 1990ies which sponsored artworks that replaced 
an autonomous, finished work with an invitation to the audience to essentially self-
determine how they experience the artwork was a logical continuation of the open art 
production process as already prepared in Happenings and Fluxus of the1960s. 
Daniels also points out that the intense exchange between artwork and audience as 
sponsored by interactive art of the 1990ies was a logical continuation of the1960s 
artists’ desire to depart from the confines of a bourgeois culture felt to be elitist and 
instead connect to mass culture. Several interactive works of the 1980s and 1990s are 
then introduced and compared with the earlier developments of art in the 1960s. It 
becomes clear that artists who developed media-assisted forms of interaction in the 
1980s and 1990s by drafting new models of perception and action were the fore  
runners of a movement that would decades later become part of mass-media products. 
 
Chapter 4 provides an excellent example of a media artist group, called Art+Com 
from Berlin [113], who have developed interactive technologies since the 1980s. 
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Their ideas have become implemented in several mass media products, voluntarily or 
not. Art+Com in Berlin has created a stream of innovative interactive systems for 
public and semi-public spaces over the past 20 years. Among them is the “Zerseher” 
project from 1991. Here an eye-tracking system using a self-designed gaze reflection 
method was used to let visitors interact with a framed picture on the wall. As the 
viewer just gazed at the picture, the picture itself would change and deform. This was 
an extremely interesting idea in terms of active engagement with a work of art. This 
concept was described in depth by Daniels in Chapter 3. It also anticipated a whole 
field of eye-tracking interface applications [114]. It was the fore runner of a later 
system where user’s eye is tracked for commercial web use [115] to analyze user 
interactions with images of products to optimize marketing efforts. Another project 
developed by Art+Com has exceeded its initial art application, it is called “T_Vision” 
(1994-1998) [116]. A virtual representation of the Earth based on satellite images, 
aerial shots, altitude data and architectural data where users could seamlessly navigate 
from overviews of the Earth to extremely detailed objects in buildings using a spe-
cially designed earth tracker interface. It is has a strong similarity to Google Earth 
[117] developed by the web search company Google. This lets users browse satellite 
images of the Earth, just as “T_Vision” did 10 years earlier.  

 
In Chapter 5 a pioneering German artists/research team, Fleischmann and Strauss, 
reflect on the changing notion of interactivity in art production since the 1990s and 
how in the time of Web 2.0 active participation and interactivity have become an 
everyday experience. What once used to be only of concern to a small group of artists, 
who in Duchamp’s tradition proclaimed active participation and later active interac-
tion, has now commonly accepted and practised by millions. According to Fleischman 
and Strauss, is it legitimate to re-discuss levels of interactivity as aesthetic experi-
ences. Interactive structures remain the basic principle of digital media. Interactive art 
remains strongly linked to artistic research. Fleischmann and Strauss also point out a 
recent trend towards bringing interactive experiences and interventions into the public 
urban space, quoting i.e. the work “Blinkelights” by the Chaos Computer Club at the 
“Haus des Lehrers” in Berlin where mobile phone users could send messages onto the 
houses’ façade which displayed the message content as the houses’ lighted up win-
dows. Fleischmann and Strauss also elaborate on their own latest work “Energie-
Passagen” [118], where passer-by at the “Literaturhaus” in Munich can see the most 
common keywords of texts feeds from mass-media newspaper floating on a large 
projection screen and then select those keywords through a touch-screen and voice 
input. 

 
Chapter 6 is written by Laurent Mignonneau and Christa Sommerer, two long-term 
experts in interactive art since the 1990s. Their works have mostly focused on devel-
oping intuitive human-computer interfaces for art purposes. For one of their key 
works )1992), called “Interactive Plant Growing” [119], they have used living plants 
as interfaces. This was then a completely new approach in physical computing and 
interface design. The idea of using living things as interfaces to the digital world, 
seems to have recently become popular in research on ubiquitous computing [120]. 
From 1999 on Mignonneau and Sommerer developed various multi-touch and multi-
modal interactive web browsing systems, i.e. “Riding the Net” [121] from 1999, 



6 C. Sommerer, L.C. Jain, and L. Mignonneau 

which combined speech recognition, intuitive image browsing and sound output to let 
users intuitively browse the Internet through visualized conversations. Interestingly, 
this idea resurfaced one year after the presentation of “Riding the Net” at Siggraph 
2000, in the science fiction thriller “Minority Report” [122], where the main protago-
nist interacts with projected images and sounds in a simulated multi-touch interactive 
web browsing system, extremely similar to what Sommerer and Mignonneau pre-
sented a year earlier. Be it just coincidence or not, these cases as well as that of 
“T_Vision” and “Google Earth,” just underline how early developments in interactive 
art have left significant traces in today’s consumer products, interaction strategies and 
even popular media culture. As stated earlier, interface design and interaction design 
for artistic purposes do in create social experiences. These clearly expand beyond the 
art arena into areas such as entertainment, consumer products and other forms of 
socially shared media experiences. Since 2004 Sommerer and Mignonneau develop 
interactive systems for public spaces. In their article in this volume they present sev-
eral newest projects that bring interactivity to public buildings and architectural  
facades to engage the public in artwork experiences. 

 
Chapter 7 is written by the Japanese researcher and media director Inakage. He directs 
a group of researchers in interaction design at Keio University in Japan. His chapter 
fits well into the argument that interactivity has become absorbed into everyday ex-
periences. He argues that ubiquitous content creation is an emerging genre that uses 
everyday and media as a platform for creative content to achieve emotional and enter-
taining experiences. Inakage observes that the Industrial Society has developed to the 
Creative Society where personal and everywhere media will be not only important for 
art content creation but it also lets designers and artists embed ubiquitous media con-
tent and emotion in the artifacts and environment of our daily lives [123, 124]. 
Inakage gives several examples of ubiquitous computing prototypes which have been 
developed at his laboratories. 

 
Chapter 8 is a logic continuation of this line of thought. The authors Martins et al. 
show how an ubiquitous gaming interface can reshape the idea of game play by bring-
ing the gaming experience into a daily life scenario. The authors argue that when 
computers blend themselves into our daily environment, games will also move. They 
will become part of the new, ubiquitous paradigm of computation. Ubiquitous game 
design presents a new and exciting challenge in interface design. This because the 
designers and developers must break free from the limitations of traditional screens, 
mice and key pads and must instead reclaim the physical space by repurposing real 
objects and rediscovering social bonds. The authors show several examples of such 
ubiquitous game experiences given by various authors [125, 126]. They then continue 
to present their own prototype. This is a wearable Gauntlet interface [127] that allows 
ubiquitous, gesture-driven interaction with real objects and spaces without the need 
for a complicated setup. 

 
Chapter 9 also deals with wearable technologies for ubiquitous computing environ-
ments. In this instance the focus is on wearable technology embedded into fashionable 
garments. The authors, Seymour and Beloff coined the term Fashionable Technology 
[128] for this blend of next generation wearable. The concept of wearable technology 
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goes back to Mann who in the 1980s developed a series of wearable systems with 
body mounted cameras, lighting equipment and head mounted displays [129]. From 
this initially bulky and heavy portable equipments strapped to the users body, wear-
able technology has greatly developed. Seymour and Beloff argue that the worlds of 
fashion, ubiquitous computing, design, science, and wearable technologies are rapidly 
converging. With the appearance of transitive materials like electronic textiles, shape-
memory alloys, and technologies such as Skinplex, novel interfaces for the body can 
be created. These will give designers and creators new possibilities to investigate new 
functions, new properties and new fashion statements. The garments in this case may 
be understood as an immediate interface to the environment and as a constant trans-
mitter and receiver of messages, emotions, and experiences. To demonstrate this de-
velopment, the authors give several examples of such Fashionable Technology  
prototypes. 

 
Chapter 10 presents another design field that applies the ubiquitous computing para-
digm in an artistic way. The authors Boj and Diaz, propose an augmented reality 
system for visualizing information and communication systems inside a physical 
public space. They argue that technological devices are increasingly assimilated into 
the urban space, which needs designers to respond to such transformations of cities. 
The ability to respond to the resulting integration of real and synthetic urban spaces is 
required. After a brief introduction to the basics of Mixed Reality paradigm (Milgram 
et al. [130]) in a continuation of Sutherlands approach on Virtual Reality [131] Boj 
and Diaz show how artists and designers could use mixed reality as a way to visualize 
invisible networks of digital data flows between wireless networks. The data is visual-
ized and presented inside a wearable computing system consisting of a head mounted 
display unit that overlays the visualized network data in form of data packages which 
are transmitted and visualized in the physical space of the cities. While this is an artis-
tic experiment, it can create more awareness of reality as it is being continuously 
enriched with digital information. This process is visible in products such as Google 
Earth [114], wikimaps [132], Stickymap [133] and OpenStreetMap [134] for example. 

 
In Chapter 11 the media art historian Paul analyses how digital technologies have 
expanded into the public space and how artists have redesigned flows of data net-
works to create new forms of communication and interaction. Paul presents various 
artists and projects that use electronic networks to redefine the notion of “public art” 
through audience participation and agency. She argues that the networked commons 
as artistic field of exploration goes back to the 60s when many-to-many distribution 
networks were explored by artists such as Ascott [135], Adrian X. [136], or Loeffler 
[137]. They used radios, satellites, faxes, slow-scan TV or computers to communicate 
and transmit artistic content. This was long before networked digial art was devel-
oped. Paul then proceeds to show recent art projects that analyze the notion of net-
worked commons as a free and open site of social and cultural space where ideas are 
shared in the broadest sense. She presents several examples of public artworks that 
discuss artistic engagement, agency, and conflicting authorities where activist art 
practice in the public space of the networked commons redefine what "public art" is 
and can be. This brings us full-swing back to the arguments presented by Daniels in 
Chapter 3. As he pointed out, already in the 1960s and 1970s Brecht and Eco called 
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for a liberalisation of media-assisted forms of interaction. However this has spawned 
40 years later a whole field of artistic and creative discourse which finds itself con-
fronted to an increasingly commercial environment that undermines the originally 
democratic potential of the network society [138]. 

1.3   Conclusion 

To summarize we can say that the chapters presented in this volume give us a glimpse 
into how complex and historically relevant the issue of interface and interaction de-
sign is, as it can be analyzed not only from an engineering point of view but from a 
social, artistic and conceptual, and even commercial angle as well. We hope to have 
presented to the readers an interesting selection of articles that highlight these cultural 
and societal aspects of interaction and interface design, as we are convinced that these 
issues will become ever more relevant in the future. 
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Abstract. This essay investigates the concept of interactivity by means of a historical analysis 
of the term itself and its classification.  It should be understood as complementary to the essay 
by Dieter Daniels ('Strategies of Interactivity') in this volume, elaborating on the related artistic 
and societal contexts and discourses.  Understanding the history of a term and its application to 
the various scientific fields helps to contextualize its denotations and interpretations.  Therefore 
the first part of this essay sources the roots of the term interactivity, adopted by scientific fields 
as heterogeneous as physiology and sociology, cybernetics and computer science.  The second 
part investigates recent attempts to go beyond a mere definition by further describing and 
classifying the various processes that are subsumed under the umbrella term of interactivity.  
The compilation of exemplary studies introduces different approaches of classification, from an 
ideological or technical, epistemological or aesthetic perspective. As a further step towards new 
ways of describing and analyzing interactive art, the final paragraph of the essay presents a 
research project of the Ludwig Boltzmann Institute Media.Art.Research. evaluating a taxonomy 
for interactive art.   

2.1   'Interactivity' and 'Interactive Art' 

The notion of interactivity has come to be a universal catchword of new media and 
the information society alike.  Nevertheless the significance and the value of the term 
are more than controversial. In a provocative statement, Claus Pias argues: 
"'Interactivity' is sometimes just as embarrassing as the narrow yellow leather tie that 
was worn when colorful fractals were modern and chrome balls populated the 
screens."[1] Whereas Pias is referring to the inflationary use of the notion of 
interactivity in general, the following quotation refers more specifically to Interactive 
Art.  Wolfgang Kemp, the leading scholar of reception aesthetics in Germany, argues: 
"The suspicion already expressed in 1984 that 'interactivity aims more to optimize the 
human-machine relationship than to place technology in the service of 
communication between people' has not yet been dispelled.[…]  In other words, the 
first bond of this art that seeks to liberate the viewer is the bond to the program.  I 
think that even expert systems, which [...]  explicitly seek to promote dialogue and 
communication cannot simply delete the fact with one key that freedom of choice can 
only be simulated, not programmed. What is programmed is the illusion of 
alternatives."[2] 
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It is not the intention of this essay to comment on these discussions of the value of 
the notions of interactivity and interactive art.  Instead, its first part sources the roots 
of the term itself.  Understanding the history of the term and its application to the 
various scientific fields helps to contextualize its denotations and interpretations.  The 
second part of the essay investigates attempts to go beyond a mere definition by 
further describing and classifying the various processes that are subsumed under the 
umbrella term of interactivity.[3] 

2.2   The Track Record of a Term 

2.2.1   The Starting Point: Interaction as Reciprocity 

In general usage the term 'interaction' conventionally denoted 'mutual or reciprocal 
action or influence'. In the 1901 'Dictionary of Philosophy and Psychology' 
interaction is defined as: "The relation between two or more relatively independent 
things or systems of change which advance, hinder, limit, or otherwise affect one 
another", citing as examples both the body-mind relationship and the interaction of 
objects in and with the environment, which is frequently also termed reciprocity, 
according to this dictionary.[4] 

2.2.2   Social Psychology: Interaction as Social Relation 

With the institutionalization of sociology as a science in the early 20th century, the 
idea of interaction was applied to social and societal processes.  In Germany Georg 
Simmel first used the term interaction ('Wechselwirkung') to characterize interpersonal 
relationships.[5] In Anglo-American discourses, George Herbert Mead and Edward 
Alsworth Ross were discussing "social interaction" or the "interaction of human 
beings".[6]  Mead’s student Herbert Blumer systematized his research under the term 
of symbolic interactionism, comparing this in 1937 with the stimulus-response theory.  
For the proponents of this theory interpersonal interaction consisted of a complex 
process of causes and effects of the various sensory organs and muscle groups.[7]  It 
was therefore primarily explained physiologically and investigated statistically. The 
symbolic interactionists, on the other hand, regarded "social interaction as primarily a 
communicative process in which people share experience, rather than a mere play 
back and forth of stimulation and response." [8]  Whereas the former principally 
investigated reactions, the latter were more interested in actions.[9] 

2.2.3   Cybernetics: Interaction as Process of Feedback 

A new perspective of processes of interaction opened up around the mid-20th century 
with the emergence of cybernetic theories: Norbert Wiener, who coined the term 
cybernetics in 1947, was less interested in the interactions between human beings 
than in analogies between the self-organization of the human organism and 
cybernetics. In a book published in 1950, however, he explained how society could 
also be investigated through analyzing messages and communication processes.[10]  
Although he focused on processes that could be statistically analyzed, such as the 
stimulus-response theory that Blumer criticized, his theory of feedback processes 
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went beyond the stimulus-response theory in distinguishing between different types of 
feedback, from reflex-like reactions to systems capable of learning.[11] 

2.2.4   HCI – Interaction as Man-Machine Communication 

It was not until the beginning of the 1960s that computer science had developed to a 
stage that allowed for the idea of real-time interaction between men and computers: In 
1960 J.C.R. Licklider's groundbreaking essay about 'man-computer symbiosis' 
attempted to "foster the development of man-computer symbiosis by analyzing some 
problems of interaction between man and computing machines."[12] After the 
publication of his visionary theories, it took only a few years until the first devices 
actually enabling real-time interaction between man and computer were built.  In 
1963, at the Massachusetts Institute of Technology, computer pioneer Ivan Sutherland 
developed 'Sketchpad', a graphical interface that made it possible to manipulate 
graphics on a display using a light pen. He explains: "The Sketchpad system makes it 
possible for a man and a computer to converse rapidly through the medium of line 
drawings.  Heretofore, most interaction between men and computers has been slowed 
down by the need to reduce all communication to written statements that can be 
typed; in the past, we have been writing letters to rather than conferring with our 
computers.[…It]  opens up a new area of man-machine communication."[13] 

A year before that, Douglas Engelbart, founder of the 'Augmentation Research 
Center' at the Stanford Research Labs, had already published his program for 
'Augmenting Human Intellect'. The most famous outcome of this program, patented in 
1968 but already developed around 1965, was the "X-Y position indicator for a 
display system", now known as the computer-mouse. With the principal concept of 
the graphical user interface developed by Sutherland, and Engelbart's mouse replacing 
the light-pen, basic elements of the human-computer interface were available.  From 
then on, human-computer interaction was established as a highly specialized and 
interdisciplinary field within computer science.[14] 

This overview shows that by the early 1960s the concept of interaction had 
developed from an idea of reciprocity in biological, chemical and physiological 
processes into elaborate theories of social interaction (sociology), into a whole new 
science trying to establish the idea of feedback processes as a basic theorem of life 
and technology (cybernetics), and into a field of research and development in the 
computer sciences (HCI).  But when did it enter the arts? 

2.3   Towards 'Interactive Art' 

Whereas it is relatively easy to answer the question of when the notion of Interactive 
Art first appeared (see below), the history of the concept of interaction within the arts 
is more complex. My suggestion is that the emergence of each of the three fields of 
knowledge identified above (sociology, cybernetics and computer science), with their 
respective concepts of interactivity, had a parallel in the arts. 

2.3.1   Participatory Art Projects 

The consideration of social interaction as a possible element of artistic projects arose 
more or less parallel to its story of success in the social sciences. Initial attempts to 
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involve the public can be traced back to the classical avant-garde, although the 
breakthrough of these new artistic concepts did not occur until after WWII. Though 
these projects are extremely important for the development of the arts up to the 
present,[15] they are not commonly called 'interactive', but participatory or 
collaborative.  Nevertheless the concepts of the participatory and collaborative works 
have always been considered an important point of reference for media based art and 
taken into consideration for comparative judgments about artworks using technical 
feedback-processes. Yet even in the 1960s, the concepts concerning the relationship 
between art and technology were heterogeneous. As Dieter Daniels elaborates in his 
essay ('Strategies of Interactivity') in this volume, artists like John Cage, Nam June 
Paik and Valie Export investigated the manifold interrelations of participatory ideas 
and the power of mass media. Meanwhile other artists were more interested in the 
technological feedback processes themselves, often referring to visions of Artificial 
Intelligence.  The latter have to be seen in close relation to cybernetic theories. 

2.3.2   Cybernetic Art 

The second field of knowledge introducing concepts of interaction into the arts – even 
if to a lesser extent – were the ideas of cybernetics. Already in the 1950s, the 
Hungarian sculptor Nicholas Schoeffer built his 'Cybernetic Spatiodynamic 
Sculptures'.  He used the cybernetic concept of the homeostat to organize the reaction 
of these works to the environment via sensors. He was followed in the 1960s by 
artists like James Seawright, Edward Ihnatowicz and Tony Martin. They built devices 
that would interact with their environment in one way or another , mostly via light 
and sound sensors. Or they installed environments that reacted to the audience, 
emitting light and/or sound.  Yet they did not call their works interactive either.  
Instead, they were called cybernetic, responsive or reactive.[16] 

In 1968 Jack Burnham, author of numerous books and essays attempting to 
contextualize cybernetic art within art history, observes the growing differences 
between cybernetic artworks and the achievements of computer science: "The spectacle 
of an artifact adjusting to its environment through a series of visible maneuvers has a 
certain anthropomorphic fascination, but it remains hardly an efficient way of handling 
immense amounts of information.  It is well to mention this because the gap between the 
romantic prototype robot – surely a leftover from the first age of machines – and the 
modern theory of automata is an ever-widening one." [17] 

2.3.3   Interactive Art 

Though the challenge of implementing computers was already discussed within the 
realm of cybernetic art, only very few works were actually based on algorithmic 
processes.[18] Even though computer science had successfully developed the 
possibilities of human-computer interaction in the 1960s, the adoption of these 
technologies in the arts happened very slowly.   

In 1969 a group of artists and scientists set up an installation entitled 'Glowflow' in 
the Union Main Gallery of the University of Wisconsin. Inside a dark room, 
phosphorescent particles were circulating in tubes. The tubes ran through columns 
with integrated lights, which were illuminated by the visitors through touch-sensitive 
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floor pads. These lights in turn caused the phosphors to glow. The subtitle of the work 
still followed the conventions of cybernetic artworks. It was called: "Glowflow, a 
computer-controlled, light sound viewer responsive environment". But the flyer 
accompanying the exhibition introduced the term Interactive Art: "Glowflow is not an 
exhibit in the traditional sense, but a continuous experimentation in interactive art.  
Its basic elements – lights, sounds and viewers – interact through control devices 
which are programmed by the artist-researcher to explore a variety of relationships. 
While many exhibits in the past have established predetermined relationships of 
viewer to environment, Glowflow is capable of going beyond fixed interactions.  With 
a computer as a control device, it is possible to explore much more dynamic viewer-
environment relationships." [19] 

It is in this text that the notion of Interactive Art is first coined and at the same time 
related to the implementation of the computer as control device.  

One of the co-creators of this project was Myron Krueger, who is now regarded as 
the pioneer of Interactive Art.  His concept of interactivity was developed from 
experiences with Glowflow.[20]  Rather than focusing on the creation of sculptures or 
robot-like creatures, he started with the idea of the responsive environment, 
augmented its sensorial capacities installing video cameras, elaborated its operative 
options by using computers as control devices, and extended its reactive capacities by 
projecting computer graphics onto the walls.   

Although it was not until the 1990s that 'Interactive Art' became the catchword of 
new media art,[21]  the origins of the term can be traced back to 1969.  The tendency to 
restrict the term to computer controlled interactions also goes back to the same period:   

The activities of communication arts of the 1970s and 1980s, such as artworks 
conducted by Robert Adrian X, Kit Galloway and Sherrie Rabinowitz, Douglas Davis 
and others, were not commonly referred to as Interactive Art. Nevertheless they 
received far more attention than the contemporaneous, scarcely known pioneers of 
computer-controlled installations such as Myron Krueger, Lynn Hershman, Jeffrey 
Shaw or Grahame Weinbren.[22] It was only with the advent of the Word Wide Web, 
when communication arts were identified as predecessors of net art, i.e. computer 
controlled communication art, that their interrelations started to become more evident.   

As more and more artists created various kinds of  'interactive artworks' in the 
1990s, it became increasingly obvious that there was an ambiguity between the term 
in the narrow sense of computer controlled interaction and its denotations resulting 
from the various concepts of interactivity that had emerged throughout the previous 
nearly 100 years.   

The different discourses that accompanied these interpretations and developed 
along the various implementations of interactive technologies over the years are 
elaborated in detail by Dieter Daniels. The focus of the present essay, however, is on 
the fact that the awareness of the ambiguity of the term led to a growing number of 
attempts to investigate the different strategies, technical processes and intentions it 
stands for.   

2.4   The Necessity of Distinctions 

The second part of this essay summarizes attempts to describe and classify the processes 
understood as interactive. There are various reasons why such a compilation can never 
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be exhaustive. One is the still sketchy state of research concerning classifications of 
interaction processes in the various disciplines; another is the interdisciplinary nature of 
the field, where entirely different perspectives on the same phenomenon impede a 
comprehensive synopsis.  But most of all, the object of research itself is constantly 
changing and therefore subject to ongoing revisions of the related discourses.  

2.4.1   Ideological Versus Instrumental Views of Interactivity 

In their 'Critical Introduction' to New Media Martin Lister et al. distinguish between 
'ideological' and 'instrumental' views of interactivity.[23] This is comparable to the 
distinction suggested by Dieter Daniels, who identifies interactivity as both an 
ideology and a technology.  Nevertheless, Lister's compilation of ideological views is 
interesting in this context, because he focuses on the interrelation of the differing 
perspectives and the various disciplines they stem from. While information techno-
logy within the scope of research on HCI understands interactivity as a possibility for 
controlling and intervening in computer processes, communication studies gauge 
interactivity according to face-to-face situations.[24] Media studies, on the other 
hand, assume a latent interaction between the receivers and the objects of their 
interest consisting of the processes of selection and interpretation.[25] Like Daniels, 
Lister et al. cite as a further important perspective on aspects of interactivity the idea 
of "grassroots democratic exchange" as a counter-pole to the one-to-many strategy of 
the mass media, which understands interactivity as the co-determination and exchange 
possibilities of the members of one or more societies.[26] 

2.4.2   Degrees of Interactivity 

Categorizations that Lister describes as 'instrumental' are often still closely related to 
'ideology', i.e. the different political, philosophical and economic goals associated 
with concepts of interactivity.  This becomes apparent when the categorization of 
interactive processes attempts to create scales ranging from a low to a high degree of 
interactivity.   

Beryl Graham, who provides a valuable compilation of categorization attempts, 
bases her classifications upon the division proposed already in 1977 by Cornock and 
Edmonds.[27] They distinguish between static and dynamic art systems,[28]  with the 
latter divided into  

• dynamic systems, that are based on an organizational dependence on 
environmental variables. 

• reciprocal systems that treat the spectators as environment, with responses 
through time. 

• participatory systems with a focus on the interpersonal reactions of a group 
of participants to a situation specified as a matrix. 

• interactive systems that offer a mutual exchange between man and machine, 
elaborately related on either side of an interface. 

Graham modifies this taxonomy using a metaphor of conversation, but sticking to the 
idea of the 'real conversation' as the highest degree of interaction, "a category which 
is a possibly unobtainable end point but remains as a possible future aim."[29] 
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Lutz Goertz also qualifies degrees of interactivity, but he proposes determining 
them based on the interplay of various factors.[30] He suggests a consideration of the 
degree of selection options, the degree of modification options, the quantitative size 
of selection and modification possibilities, and the degree of linearity or non-linearity.  
In this way, he acknowledges that there are qualitative as well as quantitative 
differences within possibilities of selection or modification and that they should be 
related to the question of timing. With this question he refers to the possibilities of co-
authoring the course and order of the interactive processes enabled.   

While breaking down interactivity processes into the categories of selection, 
modification and (non-)linearity is an interesting approach, the general tendency to 
draw up scales according to degrees of interactivity is questionable, at least in the 
field of the arts.  Judging the quality of media-based interaction by a comparison with 
direct communication disregards the fact that the decision to use media for an artwork 
is a deliberate one.  The objective of interactive media art is precisely to uncover and 
reflect the specific forms of interaction enabled by new media.[31] 

Categories describing interactive artworks should therefore attempt to identify and 
denominate the different processes taken into consideration by the artists and analyze 
their relation to the discursive backgrounds and concepts of interaction they refer to, 
irrespective of a validation of an assumed gradation. 

Although Lister et al. also adhere to some extent to the idea of degrees of 
interactivity, in their delineation of the 'instrumental view' they attempt a description of 
specific characteristics of interaction processes. They distinguish between hypertextual 
versus immersive navigation as well as between registrational interactivity and 
interactive communication. Hypertextual navigation, according to Lister, is based on 
choices available from a pool of data to construct an individual 'text'. They equate this 
kind of interaction with Peter Lunefeld's definition of 'extractive' interaction.[32]  
Immersive navigation, on the other hand, focuses on the investigation of spatially 
organized information: "We might say that the navigation of immersive media environ-
ments is similar to hypertextual navigation, but with additional qualities [...]  Instead of 
a text-based experience aimed at finding and connecting bits of information, the goals 
of the immersed user will include the visual and the sensory pleasures of spatial 
exploration."[33] 

With registrational interactivity they describe the possibility of storing one's own 
data, which then become part of the 'text'. Interactive communications define a 
computer-aided human-to-human communication, which they again relate to the idea 
of gradation:  

"When email and chat sites are considered from the point of view of human 
communication, ideas about the degree of reciprocity between participants in an 
exchange are brought into play.  So, from a Communication Studies point of view, 
degrees of interactivity are further broken down on the basis of the kinds of 
communication that occur within CMC. Communicative behaviors are classified 
according to their similarity to, or difference from, face-to-face dialogue, which is 
frequently taken as the exemplary communicative situation which all forms of 
'mediated' communication have to emulate."[34] 
 
While their study gives a valuable description of different types of interactivity, it 
clearly focuses on text-based interactions and is therefore far from being 
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complete.[35]  It is hardly possible to analyze all the different kinds of interaction that 
employ tactile devices or serve as a tool or instrument for performing specific tasks 
with these categories.  In recent years there has been a growing desire to transcend the 
focus on the graphical interface, in media arts as well as in the realm of interface 
design.  A considerable amount of research has already been conducted, for example, 
on notions of mediated embodiment [36] or the idea of device art.[37] 

2.4.3   Epistemological and Aesthetic Categories 

On a more general level it is doubtful whether the aforementioned ideological and 
instrumental views of interactivity would constitute a sufficient base for a thorough 
research of artistic projects in the realm of media-based interaction, even if they were 
broken down into a comprehensive compilation of the specialized studies. The 
classifications summarized so far do not investigate artworks specifically, but are 
applicable to all kinds of interactive media. Within the arts, epistemological and 
aesthetic concepts play a seminal role in the artist's realization of their ideas and in 
what the participant may gain from the artwork. Often the insights and aesthetic 
processes encouraged by different interactive works do not correspond to the 
instrumental categorizations available. For example, a hyperlink system may offer a 
non-linear narration of a story, but it may also involve the viewer in a question and 
answer session. The storage of user-inputs may serve as a surveillance device, but 
also as a means of co-creating a multimedia environment.  

Therefore, there is a need for approaches that denominate the epistemological 
intentions of the works and identify the processes that enable their mediation.  Two 
examples may suffice to illustrate possible steps in this direction: 

In his extensive historical overview of 'Closed Circuit Video Installations' Slavko 
Kacunko does not deal exclusively with works that allow for digital feedback 
processes.[38]  On the contrary, his explicit decision to neglect the distinction of 
algorithmic versus non algorithmic feedback processes is based on the realization  
that – from an epistemological point of view – the works conventionally called 'closed 
circuit installations' and the works conventionally called 'interactive installations' have 
common characteristics.  He breaks down the various artistic concepts distinguishing 
different strategies of subject/object relations, reality constructions, system models 
and behavior patterns, and game concepts and learning processes. In relation to reality 
constructions, he distinguishes between the creation of reality models, post-
technological visions and their psychological effects, computer-aided media 
reflections and interlocking levels of reality and virtuality. Kacunko thus concentrates 
on the philosophical views and models implied within the different interactive 
strategies.   

A second example for the various possibilities of going beyond instrumental 
classifications is the approach of Jean-Louis Boissier, media artist from Paris. He 
focuses on the structural or aesthetic issues in the interaction process.  He describes 
how, in the course of his own artistic work, he was able to identify certain 'figures of 
interaction' that had emerged.  He distinguishes between figures that are generated 
from internal structures and those that describe attitudes on the part of recipients.  
The internal figures he identifies are forking ("bifurcation"), break/interruption 
("suspension"), change ("mutation") and transfer ("réversion"). The recipients, 
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according to Boissier, may conduct actions of comparison ("comparaison"), 
description ("désignation"), distancing ("distanciation") and empowerment 
("procuration").[39] 

Unlike Kacunko's suggestion, Boissier's terms do not try to embrace the 
philosophical backgrounds of the works, but constitute a first attempt to describe the 
single (also partial) processes that together constitute their structural and receptional 
characteristics.   

2.4.4   Case Study Prix Ars Electronica 

As yet another step within the attempts to identify suitable descriptive models for 
interactive art, the Ludwig Boltzmann Institute Media.Art.Research. is conducting a 
case study based on the entries for the annual competition of the Prix Ars Electronica.  
On the basis of research into former approaches to categorizations (summarized 
above) we developed a tentative taxonomy that we applied to the more than 350 
entries of the 2007 competition.  The taxonomy was adapted in process, thus reacting 
to the works that were actually entered by the artists in this category and thereby 
defined as interactive by them.  While the project also investigates questions of the 
form and range of the works, the media applied and the topics covered, the focus here 
is on the more specific categories of interaction.[40]  With the classification of 
interaction processes we soon realized that describing them with nouns is 
problematic.  Gerhard Dirmoser, an Austrian system analyst, suggested testing 
descriptions in verb form instead.  The advantages are obvious: whereas a noun may 
be suitable for describing a process, it leaves open the question of the 
direction/perspective of the process.  A verb, on the other hand, urges the user to 
specify the subject of the process.  When the word 'observation' is used, for example, 
it is unclear whether the work is meant to observe the viewer or vice-versa.  If one 
instead formulates the categorization as 'the viewer can – observe,' then the direction 
of interaction is clear. 

Our suggestion is to first identify the partners involved in the interaction process.  
Once the interaction partners have been specified, there should be a further definition 
of the type of interaction that is enabled.  We suggest describing whether the visitor / 
performer is encouraged to observe, to explore, to activate, to control, to select, to 
navigate, to participate, to leave traces or store something or to exchange information – 
and of course further activities should be added.   

But there is also another part of the interaction process that originates from the 
work or mediating device.  The work may tell or narrate something, document or 
inform, visualize or sonify, it may be built to enhance perception or to offer a game, 
to monitor something or to serve as an instrument, to transform, to collect and store, 
to process or mediate.   

The compilation of a rich variety of verbs describing the various activities and 
strategies relevant to interaction processes should improve the possibilities for 
describing and analyzing interactive media art. 

To further evaluate this approach, we are providing this taxonomy for the artists to 
be applied by them during the 2008 competition entry process.  We hope that this 
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project will contribute to the attempts to develop a suitable vocabulary for the 
manifold field of Interactive Art.   

The scope of these suggestions, as well as the scope of the present essay, is not to 
determine a fixed set of normative categories.  Rather they provide an extendible but 
still comprehensive vocabulary that helps to differentiate between the various types, 
strategies and intentions of interactive processes and artworks. They will hopefully 
encourage further discussion and new interesting concepts of interactivity. As media 
artist Michael Naimark states, referring to the Boltzmann Institute's taxonomy project:  
"lists like these serve two different functions: 1) they help organizers organize and 2) 
they encourage artists to do something 'unclassifiable'.  Both are noble goals."[41] 
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Abstract. The ideological and technological frames of reference for the changing paradigms of 
interactivity are presented in an overview. The topics range from the early days of media and 
modernism to a typology of interactive art in the 1980s and 1990s and include the mass media 
interactivity models of the last decade. 

3.1   Reception as Participation—A Leitmotif of Modernism 

In one of his apparently timeless sentences, Marcel Duchamp writes: “The personal 
‘art coefficient’ is like an arithmetical relation between the unexpressed but intended 
and the unintentionally expressed.”[1] Accordingly, no work of art can communicate 
to the viewer exactly what the artist intends. To put it more candidly, one might say 
that the greater the misunderstanding, the higher the personal coefficient. Duchamp 
therefore establishes that in every aesthetic experience, the viewer is assigned a 
constitutive role and that he “thus adds his contribution to the creative act.”[2] On 
another occasion he even radicalizes his statement, claiming that “a work is made 
entirely by those who look at it or read it and who make it survive by their accolades 
or even their condemnation.”[3] 

That the reception of a work of art requires the viewer’s participation proves to be 
a leitmotif of Modernism that emerged as early as in Charles Baudelaire’s writings. 
Faced with the images in his Painter of Modern Life, “the spectator becomes the 
translator, so to speak, of a translation....”[4] In his examination of Wagner he goes 
even further: “In music, as in painting, and even in the written word, which, 
nevertheless, is the most positive among the arts, there is always a gap (a lacuna), 
bridged by the imagination of the listener.”[5] Stéphane Mallarmé formulates the 
obvious conclusion in his concept of creative reading. As early as the end of  
the nineteenth century, he anticipated the idea of processual art with permutative, 
aleatory elements, which in the mid-twentieth century then became a platform of the  
avant-garde as an “open work of art.” 

The attack on the ideal of everlasting, unchangeable beauty carried out under the 
colors of Modernism therefore had a centuries-old history before it was ultimately 
conferred with a new technological basis within the concept of interactive media art. 
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The reason for Baudelaire’s rejection of photography also lies in the knowledge that 
the reception of a work of art always requires an element of participation in its 
constitution, because he understands photography as a purely technical reproduction 
of reality that allows no space for the imagination. What might the function of 
technical media be for the participation of the viewer? 

Baudelaire fails to recognize that in their reproduction of reality, technical media 
produce a side-effect that can be regarded as analogous to Duchamp’s “art 
coefficient.” Even if it is used in as flawless a way possible, any device constructed or 
operated by a human being to record or transmit images or sounds never registers 
only what his or her intention is directed toward at the moment of its use. Who is not 
familiar from one’s own experience with the photograph that shows much more or 
something completely different than intended? Or the voices on the video that one did 
not really want to record? For the recipient of a technical media channel, this “excess” 
information allows an interpretation that may more or less deviate from the intention 
of the person who produced it. The side-effect heightens as the channels multiply. For 
the TV zapper or the Internet surfer, it becomes the actual “content” of his or her 
experience.[6] Putting it more concisely, one might assert that the “art coefficient,” 
which Duchamp describes as a psychical phenomenon, finds its equivalent in the 
technical principle of all media devices that are not—such as the drawing or writing 
hand—directly linked to the intention of those who use them. This effect, which 
becomes so noticeable with technical media that in the extreme case it ends up in 
noise, already begins with the pencil, which also reveals something about its material 
property that points beyond its purely instrumental character. 

At the outset of the lecture in which Duchamp introduces his concept of the “art 
coefficient,” he describes the artist as a “medium” or a “mediumistic being.”[7] He is 
therefore applying the term as it was used in the nineteenth century to describe a 
person with paranormal or telepathic abilities, in much the same way it was taken up 
by the Surrealists. However, when Duchamp used the term in the United States in 
1957, it had already taken on different connotations than those it bore in Paris of the 
1920s.  

Without wanting to accuse Duchamp of making reference to technical media, 
which he certainly did not have in mind, it turns out, however, that even a text like 
The Creative Act is not quite as timeless as it at first seems to be. At the time, John 
Cage, who was a close friend of Duchamp, was already vigorously working on 
making the side-effects of technical media described above the theme of his music. 
The focus of his considerations was the very same problem regarding the 
intentionality of art that Duchamp examines with the “art coefficient.” Cage’s 
approach is often understood as an attack on the Old European Geniekult (cult of the 
genius) surrounding the creative, yet he had no inhibitions about time and again 
drawing attention to the role Duchamp played in his own introduction of random 
processes into the “creative act.” 

At the beginning of the 1950s, with his compositions for radio Cage achieved 
perhaps the first completely “open work of art” employing technical media—even 
before Umberto Eco coined the term in 1958.[8] In Imaginary Landscape No. 4, a 
piece composed in 1951 for twelve radios and twenty-four performers, Cage uses 
randomness in a twofold way: firstly, he determined the parameters of the score, 
which consists solely of instructions on how to operate the radios, using the I Ching, 
and secondly, the sounds coming from the received transmitters produce a 
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relationship to the here and now of each performance that is just as random as it is 
coeval. Thus the side-effect of technical media mentioned above, which is to always 
transport more information than intended by their users, becomes the primary 
working means of an art that makes the participative and constitutive role of the 
recipient the principle of a new form of creativity and a new concept of an artistic 
work. 

This digression to the history of Modernism elucidates the fact that the issue of 
viewer participation arises even before technical media are used in art. However, 
technology lends it a new dimension, as an interference occurs in media art between 
the two forms of the non-intentional emergence of information mentioned above. 
Here, the psychic role of the artist as a “medium” and the technical function of media 
devices join together. For about the last three decades, the ambivalent and ever-
changing meaning of the concept of interactivity, which constitutes the main theme of 
this essay, has been evolving in this intermediate area. 

3.2   From Participation to Interaction 

The above considerations with respect to the participation of the viewer, the listener 
or the reader start out from the assumption that modern art has changed the role of the 
recipient. They make reference to the aesthetic experience and assessment of art, but 
the material existence of the work of art remains unchanged. This is why the modern 
role of the recipient can also make reference to works from history. Duchamp cited 
the rediscovery of El Greco during the era of Expressionism as an example for 
contemporary art “making the picture” by changing the view of history. 

Yet if the work of art itself is aimed at the active role of the recipient, the second 
step toward a new form of artistic production, which is decisive for the following, 
takes place, allowing interaction between the recipient and the work by intervening in 
its visual, acoustic or textual form. In the process, the work of art becomes a kind of 
collaborative process participated in by the artist and various recipients. The issue 
with respect to the intention of art thereby changes direction in that the viewer— 
literally, so to speak, along the lines of Duchamp’s dictum—now makes the pictures. 
Interaction can take place in a large variety of ways, for example in the form of an 
object, within the context of a situation or by means of a technical medium. In the 
simplest case, recipients can modify an object that has been created by the artist, 
which occurred in 1960s’ Kinetic Art. More complex structures of interaction develop 
through the combination of pieces of text or sounds, which in object-like form or as a 
score demand the recipient’s active participation in order for the work to even be 
produced in the first place. 

This transition from participation to interaction can be exemplified by John Cage 
as a precursor of the Happening. Cage’s use of random factors makes every 
performance of a piece a debut that sounds different than any other previous 
performance. The performers and the audience therefore do not have any expectations 
directed toward a perfect reproduction; rather, they are open for a new experience. 
Since the end of the 1950s, John Cage’s compositions have been giving performers 
more and more freedom. The graphic scores ultimately only specify the method and 
the material for a kind of “do-it-yourself” music, such as the sheets of transparent film 
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in Fontana Mix (1958) and their multiple use for different pieces. From here it is only 
a single step to Allan Kaprow’s concept of the Happening. The Happenings are also 
based on scores with a frame of action; however, these now address all the 
participants, who are no longer separated from the audience but who create their own 
aesthetic experiences. Thus the completed work is replaced by an open field of action 
that is first engendered by the participants. These interact among themselves as well 
as with the specified frame of action, so that communication becomes the central 
factor of the aesthetic experience. This may even result in the complete removal of 
the boundary between author, participants, and the audience. 

When interacting via a technical medium, various modes are possible, whose range 
from human-machine to human-medium-human communication constitutes the 
principle theme in the following. The role of media technology goes far beyond the 
previously examined side-effect of producing “excess” information, which enables a 
kind of “creative reading” beyond the producer’s intention. When the two basic 
media-technological functions of “storing” and “transmitting” are implemented for an 
open work of art, they allow overlying production with reception, which—as in the 
case of the Happening—can remove the boundary between the author and the 
audience. 

These different forms of interaction demonstrate the broad range of the meaning of 
this concept even in the area of art. However, the meanings in general language usage 
are even more diverse. Since the end of the 1980s, two usages have received more 
and more attention: on the one hand, the theory stemming from the social sciences of 
reciprocal actions by humans, and on the other hand, the technological category of 
human-machine communication, which is largely referred to as interactivity.[9] 
Because in a media society, people communicate with other people by means of 
machines, the overlapping of the two fields is evident. For this reason, in the 
following the concept of interactivity will stand for all forms of media-based 
communication and interaction that occur between human and machine as well as 
between humans. 

3.3   Ideology or Technology—Brecht or Turing 

In the current discussion on interactivity, the issues regarding the social ideology of a 
media-based human-human relationship overlap those regarding the technological 
feasibility of the human-machine connection. The roots of these two fields of 
meaning go back to a period way before the emergence of today’s concept of 
interactivity. They can be traced back to the 1930s and may be illustrated using two 
positions that could not be any more contradictory: Bertolt Brecht’s and Alan 
Turing’s. In 1932, Brecht called for the following: “Change this apparatus [the radio] 
over from distribution to communication.... By submitting ever persistent, incessant 
suggestions for the improved use of the apparatus for the general public, we have to 
rock the social foundations of this apparatus, to discredit its use for the benefit of a 
few.”[10] While Cage’s composition only changes the reception form of the radio 
without intervening in the system of the mass medium, two decades prior to that, 
Brecht’s approach goes all out and maps out an active role by the listeners as a 
political utopia that also includes the transmitter side of the medium. In 1929, with his  
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Fig. 3.1. Bertolt Brecht, The Lindbergh Flight, stage performance of the radio play with 
demonstration of the audience participation, Baden-Baden 1929 

radio play Der Flug der Lindberghs (The Flight of the Lindberghs) (Fig. 3.1) Brecht 
attempted to translate this idea into practice. But because German radio was 
unreceptive to the concept of listener participation, his idea was not realized in a radio 
broadcast but only demonstrated in a stage production by Brecht. 

From 1935 onward, Alan Turing worked on his theory of a universal machine that 
later culminated in the famous question: “Can machines think?” This included the 
problem of possible ways of establishing a connection between artificial intelligence 
and human consciousness: “We may hope that machines will eventually compete with 
men in all purely intellectual fields. But which are the best ones to start with? Even 
this is a difficult decision. Many people think that a very abstract activity, like the 
playing of chess, would be best. It can also be maintained that it is best to provide the 
machine with the best sense organs that money can buy … I think both approaches 
should be tried.”[11] 

Both of these theses stem from completely divergent discourses. On the basis of 
pure mathematics, Turing developed the scientific foundation for the feasibility of 
human-machine communication up to a level where it would be impossible to 
distinguish one from the other. Brecht transferred his theory of the theatre to media 
and acknowledges the social and political effects of human-human communication 
characterized by evermore perfect media machines. Yet despite these extremely 
different starting points, today, the extrapolations of these theses meet in the form of 
information sciences and cultural media theory—for instance in the discussion on the 
connection between the political and the technological function of the Internet. 
Against this background, in the following the concept of interactivity and its 
relevance in media art will be examined as a field of interference between ideology 
and technology.  

3.4   Open or Closed Systems—John Cage or Bill Gates 

Despite the allegedly depersonalizing force of new communications technologies, 
individual names today stand more than ever for ideas and agendas—in politics as 
much as in business and the arts. This is why two names also stake out the territory 
for a closer examination of the ideology and technology of interactivity. The mottoes 
pointing to their common ground might read ‘programs instead of instruments’ or 
‘software, not hardware.’ This aesthetic stance made John Cage the precursor of the 
New Music and intermedia art of the 1960s. Bill Gates, in contrast, realized the 
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economic potential of this perception and in the course of the 1990s multimedia boom 
became the richest man on the planet. Both men no doubt attach a different meaning 
to these statements, as becomes obvious from their radically different concepts of 
‘interactivity.’ 

Most of Cage’s compositions do not define a precise musical human-instrument 
interaction, but open up a field of possibilities to be interpreted by the performer of 
his composition, each time producing differing results through elements of chance 
and variation.[12] Some pieces modify the instruments (prepared piano) or leave the 
choice of instruments up to the performers. Through the performance process,  
the individual’s freedom to modify the structure results in social interaction among 
the group of musicians. This non-hierarchical form of creativity can be compared 
with the ‘bottom-up’ structure by which open-source software such as Linux is 
constantly enhanced by its users. In either case, it is possible to vary and reinterpret a 
specified code with the result that the boundary between author and user becomes 
fluid. The opposite model would be a ‘top-down’ structure as represented by the 
precise notation of a classical composition as well as the proprietary software 
developed by Bill Gates’ Microsoft Corporation, for which the secrecy of the source 
code is the basis of a capitalist monopoly. Program users work in line with the 
patterns of interaction decreed by the software industry, just as the classical musical 
composition specifies the manner in which musical instruments are used in the most 
precise way possible. 

As Cage saw it, the purpose of composition was not to deliver an optimum 
‘operating system’ for musical instruments but to initiate an individual and social 
creative process which successively detaches itself from the intentions of its author. 
By contrast, the software of Bill Gates and other proprietary systems keeps users in 
the dark about the structures ‘inscribed’ by its writers. A model derived from the 
time-honored, idealistic notion of art—that of the deep mystery inherent to all 
creativity—is being kept alive solely by artificial secrecy. Instead of serving the 
sacred goals of the genius, it panders to the mammon of monopolists. Cage’s concept 
of interactivity stems from an aesthetic and ideology leading to the dissolution of the 
boundary between author, performance, and audience. That was why he deployed 
media technologies like radio, record, tape and, later, computer— the interference of 
musical production and reception became possible through the information structures 
of such devices. Technology could not only replace human labor, but also open up a 
creative sphere.[13] For Gates, by contrast, interactivity is an economically and 
technologically determined pattern according to whose specifications millions 
structure their workflow—a view he pinpointed in an in-house paper stating that 
Microsoft treats human users like it does computers: it programs them.[14] 

While the computer is indisputably replacing the piano as the most frequently used 
keyboard instrument in the home, liberation from the often tortuous obligation to 
practice has not reached young people in an open, Cagean form but instead in the 
voluntary self-conditioning of interaction with industrial software such as computer 
games. This admittedly bold comparison serves to bridge the gap between Cage’s art 
and Gates’ technology in order to show that their conflicting models of interactivity 
ultimately stand for two different blueprints of society. The respective principles of 
openness and closedness could act as a leitmotif for the changing meaning of the term 
‘interactivity’ from the 1960s to the 1990s.[15] 
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3.5   Shifting Paradigms of Interactivity from the 1960s to the 
1990s 

In the 1960s, interaction among audience, artwork, and artist became a defining element 
of an aesthetic aspiring to the ideal of a new art form that would leave behind 
established genres, categories, and institutions. This artistic field is most aptly described 
by the term ‘intermedia.’ The origins of intermedia art as inspired by John Cage and 
molded by Fluxus and Happening lie in the decision to replace an autonomous, finished 
work with an invitation to the audience to essentially self-determine how they 
experience the artwork and in doing so, lift the boundaries between artists and audience 
and those separating the genres. The suspension of the difference between production 
and reception in the arts has much in common with the demand made by political 
activists in the late-1960s for consumers to take over the means of production. 

Despite the more than century-old history of active reception in the modern age, 
the classical, bourgeois concept of culture concedes a low ranking to the participation 
of viewer, reader or listener, demanding that paintings, books or concerts be enjoyed 
with a kindred understanding of an original work that has been tampered with as little 
as possible. Forms of popular culture such as vaudeville, circus or, more recently, the 
techno DJ, on the other hand, enter into an intense exchange with the audience. The 
attempts to make interaction a means of avant-garde art in the 1960s show the desire 
to depart from the confines of a bourgeois culture felt to be elitist and instead 
influence mass culture. Further ideals can be circumscribed with Umberto Eco’s 
notion of the ‘open work of art’ mentioned above as well as the ‘domination-free 
discourse’ first expounded by Jürgen Habermas. The common enemy of all these 
artistic and theoretical approaches is the passive cultural consumerism felt to be a 
product of the mass media in general, and of television in particular.[16] 

Models of open interaction similar to those in the arts were therefore developed 
and with a view to changing the role of the media. Drawing on Brecht, in 1970 Hans 
Magnus Enzensberger proffered the theory that the electronic technologies harbored 
the potential to emancipate by means of non-hierarchical communication. For the 
same reason, he saw the media, were they to be liberated from their perverted usage 
by the agents of capitalism, as potential stimulii to and instruments of social upheaval. 
“The open secret of the electronic media, the decisive political factor, which has been 
waiting, suppressed or crippled, for its moment to come, is their mobilizing power.” 
And this power would enable people to become “as free as dancers, as quick-witted as 
football players, as surprising as guerrillas.”[17] Comparable ideals are to be found in 
the anti-industrial media criticism given a forum in publications such as, from 1970 
onward, Radical Software. 

The computer hacker may personify a synthesis of these utopias; the origins of the 
hacker movement, however, are completely apolitical and provide a drastic example 
for technology as a weltanschauung. Its nucleus was formed around 1960 at MIT 
when the military lent the institute a computer free of charge that belonged to the first 
generation of computers with a screen. While programmers had previously had hardly 
any direct contact with the computer, developing their programs on paper and having 
operators feed the computers with punch cards, a group of student computer maniacs 
developed a “free wheeling, interactive, hands-on-über-alles style” in a direct 
dialogue with the machine, which today has long since come to be taken for granted, 
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without the strictly hierarchical usage order for expensive running time.[18] The 
symbiotic relationship with the computer, which had virtually become the sole 
purpose in life for this group of people who referred to themselves as hackers, 
anticipates what has in the meantime become the everyday proximity to the machine, 
turning the calculating machine into a kind of digital partner. The social consequences 
of this attitude are much more far-reaching than the rudimentary ideology, which the 
hacker historiographer Steven Levy summed up in the so-called hacker ethic, reveals. 
Here, Levy writes, among other things: “You can create art and beauty on a computer. 
Computers can change your life for the better.”[19] 

In their detachment from the world and their complete immersion in computer 
programs, the pioneering hackers correspond with the ideal of art as an end in itself, 
as “art for the sake of art,” which the intermedia art movement of the 1960s 
renounced in order to propagate interaction between art and life. This is why without 
exception, the Fluxus and Happening as well as the political movements of the 1960s 
took a critical approach to technology. However, around 1970 the realization was 
dawning on activists in art and politics that an unadulterated rejection of media 
amounted to nothing less than self-incapacitation. The emergence of the phenomenon 
today known as ‘media art’ is rooted in this interference of social theory and  
mass-media technologies. 

By combining ideological strategies with technological means, the movements of 
the 1960s aimed to link the influence of art with that of the media. The social and 
cultural utopias supplied the objective of a hoped-for role of media in the future 
triggering a macro-change in society. This relation was turned on its head in the 
1990s: media technology is now often seen as the leitmotif from which all social, 
cultural, and economic changes emanate. Today, for instance, the meaning of 
‘interactivity’ is essentially defined through the electronic media. Interface and 
software designs specify the framework of this technologically determined interaction 
from human to human via a machine, or solely between human and machine. The 
‘mobilizing power’ of the media, in which Enzensberger was still able to discern 
potential for attacking the dominance of industry, has long since become fuel for 
advertisements plugging telecommunications shares or cellphones and deploying the 
same heroic images of dancers, footballers or guerrillas. Since the 1980s, the original 
hacker ethic, which was committed purely to the thing itself, has likewise been 
marginalized by a partially criminal, partially commercial twilight zone. 

The same is true of the concept of interactivity through interdisciplinarity, a 
cultural paradigm redefined in the 1990s to become one of technology. In the digital 
realm, the difference between text, sound, and image is apparently reduced to varying 
data storage-space requirements. To combine various media in a single multimedia 
program is in line with the basic principle of digital technology, and therefore requires 
no aesthetic legitimization, as propagated by intermedia art. Admittedly, there is a 
connection between the subdivision of artistic genres and the specific media 
deployed, but the belief that a shared media platform alone could facilitate or even 
implement a cultural exchange has proved, by and large, to be an illusion encouraged 
by the superficial resemblance of various interfaces.[20] 

The 1990s attitude that grasps social and cultural transformation as an effect of the 
media, contrasting with the calls in the 1960s for media to be the instruments of such 
change, is not without historical roots. These extend from the Italian Futurists’ 
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fascination with technology to Marshall McLuhan, who as early as in 1964 described 
the media as being the de facto realization (that solely artists refused to accept) of the 
dreams of a new perceptual form first devised in the arts.[21] The contemporary 
scientific follow-ups are the media-theoretical approaches such as as that of Friedrich 
Kittler, according to whom it is only possible to “continue mistaking for art the output 
of media because the design and nuts and bolts of technical devices ensure they 
remain black boxes.” In Kittler’s view, artists are forbidden from opening up the 
covers of the devices, this privilege being reserved, “as the warning signs make very 
clear, for qualified specialists. What goes on beneath the covers, in the actual 
circuitry, is not art but the end of the same in data processing that takes its leave of 
humanity.”[22] 

Measured against such a view, some of the interactive forms tried out and 
developed in 1990s media art may indeed seem naive and, above all, wholly 
dependent on technological specifications. Yet a look back at the pioneering forms of 
artistic, media-based interaction reveals that in many cases they penetrated far below 
the equipment cover plates. Indeed, long before the prefabricated media were packed 
inside casing and became commodities, artists were drafting new models of 
perception and action that would decades later become part and parcel of mass-media 
routine. Walter Benjamin already saw the Dadaists’ montage of language and images 
as anticipating the media effects used in films.[23] Ever since the Futurist movement, 
avant-garde art has envied technology for its influence on the masses, while at the 
same time displaying vast far-sightedness with regard to technological effects and 
evolutions. For the same reason, the debate surrounding interactive art in the 1990s 
can be truly understood only against the backdrop of the preceding developments, 
especially those in the 1960s. 

3.6   Examples of Media-Assisted Interaction in Intermedia Art of 
the 1960s and 1970s 

Compared with the visual arts, music requires considerably lower data volumes and 
storage capacity for its electronic processing. That is why radio came before 
television, and the tape recorder before the video cassette recorder. For the same 
reason, numerous artistic approaches to media clearly first emerged in work with 
music.[24] This is also true of the notion of ‘interactivity,’ as demonstrated by John 
Cage’s pioneering role. Yet Cage’s point of departure was not technologically 
defined; on the contrary, he started with silence. His piece 4’33” (1952) can be seen 
as the ideal ‘open work,’ precisely due to the absence of instruments. In it, nothing is 
fixed; everything depends on the conditions of the respective performance. The 
sounds made by the audience and coming from the environment are the content of 
four-and-a-half minutes of heightened sensibility. During the same period, Cage 
began to devise pieces that transferred the same principle of open interaction to the 
deployment of electronic media, for instance in his composition for twelve radios of 
1951, which allowed experiencing the mass-media variety of the broadcasting station 
as raw aesthetic material at the very moment the composition was being performed. 
TV zapping, another form of ‘interactive’ media perception likewise produced in real 
time by individual selection, namely by ‘assembling’ a new ‘film’ from the TV 
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programs being broadcast at any given time, is based on the same synchronism and 
redundancy of available channels as Cage’s Imaginary Landscape No. 4. This 
analogy between experimental composition in the 1950s and day-to-day reception in 
the 1990s would serve as a good example of the way artistic models prefigured media 
effects. 

Cage’s approach was indeed seminal for the entire field of intermedia art in the 
1960s, but Happening and Fluxus scarcely picked up the media-related issues he 
addressed. A major exception is Nam June Paik, who in the title of his 1963 show 
“Exposition of Music—Electronic Television” in Wuppertal already indicated his 
crossover from New Music to the electronic image. The various “Participation TV” 
models presented there were the first blueprint for viewer interaction with TV 
pictures. By manipulating the electronic circuits of normal TV sets, Paik was able to 
achieve complex visual structures that viewers could alter and which anticipated by 
decades the industry-marketed video and multimedia devices serving similar 
ends.[25] Since only one TV channel existed in Germany at the time until (by 
coincidence also in 1963) a second public broadcaster, the ZDF, went on the air, 
actuating the ON/OFF switch had until then been the TV viewers’ only possibility of 
interaction. 

The uncompromising openness and infinite indeterminacy of the Happening and 
Fluxus ideal of an art that has no creator/viewer hierarchy proved to be a transitory 
phase. Although these movements made a vital contribution toward changing the 
static concept of a work in the visual arts, they supplied no sustainable model for 
tangible results. Above all, such an ideal was unable to satisfy the recipients’ need for 
symbols and fictions. As the Happening of the 1960s progressed to become the 
Performance of the 1970s, audience interaction was either no longer desired or 
underwent severe ritualization and formalization. Bruce Nauman expressed this 
change unmistakably: “I mistrust audience participation.”[26] This attitude is evident 
in Nauman’s closed-circuit installation Live-Taped Video Corridor from 1970, which 
by irritating viewers through their presence or absence in the video image, makes 
them more test objects than participants.[27] This is why Nauman can be regarded as 
a precursor of an attitude producing the very opposite of creative participation, 
namely the radical conditioning of a viewer through a work that forces him or her to 
fall back on their own experience of body and image. Artists including Dan Graham, 
Peter Campus, and Peter Weibel used video technology in similar fashion in the 
1970s in order to confront viewers with their own image by means of closed-circuit 
installations. Such works were, together with Nauman’s corridor, without doubt the 
first interactive installations that were suitable as art exhibits. They were no longer 
designed to solicit the spectator participation aspired to in the 1960s, however, but 
constructed situations reflecting upon the relationship between viewer and medium. 
At the same time, they marked an attitude of resignation towards video’s potential for 
mass-media broadcasting, perpetuating instead, in almost symbolic fashion, the 
‘closed circuit’ of the art system. 

Valie Export’s Tap and Touch Cinema from 1968 provides the antithesis to this 
self-reflection through the aesthetics of the media. Describing her outdoor action as 
an ‘expanded movie,’ she strapped a box to her chest and allowed passers-by to poke 
their hands through the curtain covering the front of the box in order to feel her 
breasts. “As always, the screening takes place in the dark. Only the picture-house is a 
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bit smaller. There’s only room for two hands,” wrote Export.[28] This was an even 
more drastic conditioning of the viewer than in Nauman’s Corridor, and again, doubt 
was cast on the boundary between public and private space.[29] Now that the relation 
to the film medium had been placed on a metaphorical plane, the sensory deprivation 
of the seat-bound passive cinema or TV viewer was all the more distinct. As a direct 
sensory experience in Export’s action, ‘interactivity’ was the countermodel to one-
sided, mediated perception. The ‘tactilism’ the Futurists demanded back in 1921 as a 
way of expanding the spectrum of arts was transformed by Export into a critique of 
the social role of the media. That her street action took place in 1968 was certainly no 
coincidence, but expressed an aspect of the calls for a “structural transformation in the 
public sphere” (to cite the title of a book by Habermas) that led to the 1968 
movement. 

3.7   Fiction and Function of Multimedia Technology and 
Cyberspace 

Most of the examples presented so far involved interactive reapplications of media 
primarily serving the purposes of distribution and reproduction (video, film, TV, 
radio). The underlying artistic approaches deliberately worked against mass-media 
consumerism by modifying, to a more or less subversive degree, the consumption of 
the media in which the works were produced. From Brecht to Paik, such approaches 
demanded the alteration of the one-way structure of such mass media. In computer-
based multimedia technology, by contrast, the interaction of user and device is 
integrated into the medium itself. Networking makes the computer an interpersonal 
communication medium in which all previously separated media converge. The 
current technological development of networked virtual reality merges the two 
formerly separate development strands of computer-based simulation and com-
munication. These spaces for a new experience, as virtual as they are real, were 
becoming tangible in the late 1990s. That their roots stretch back to the 1960s is 
evident in the way present-day ideas regarding Cyberspace were anticipated in the 
technological blueprints of that period, but even more strikingly in the theories with 
respect to the potential social, aesthetic, and political implications. 

Nearly all of the technical requirements for the current state of human-machine 
communication were created in the course of military developments. As has already 
been mentioned, until well into the 1960s, most computers were abstract computing 
machines used to process columns of figures and punched cards. With the 
introduction of the monitor, the first step was taken toward visual display. The first 
possibility of graphic interaction in real time had emerged in the 1950s with the 
linkage of a visual display unit and a light pen on the Whirlwind computer developed 
for air-defense purposes in view of the nuclear threat.[30] The dissemination of 
similar principles in the 1960s and 1970s opened up the option of visual, intuitive, 
instantaneous man-machine dialogue. When in 1966 Ivan E. Sutherland linked up the 
head-mounted display developed for military purposes with the simple computer-
generated wireframe representation of a three-dimensional space, his combination 
already contained the essential elements of virtual reality technology, lacking merely 
faster computing speed and sufficient storage capacities. What would later turn into 
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the Internet also began in the 1960s on the basis of the decentralized ARPA Net 
installed in 1968 in order to safeguard military communications in the case of a 
nuclear attack. Both components of Cyberspace today enabling the networking of 
virtual spaces are therefore products of a Cold War anti-nuclear defense strategy. 

There was an astonishing synchronism between such technological blueprints and 
the artistic theories regarding their potential. Ivan E. Sutherland’s first description of 
an ‘ultimate display,’ written in Harvard in 1965, shows considerable similarity to a 
concept for a ‘bioadapter’ drafted in the same year by the author Oswald Wiener in 
Vienna.[31] According to Peter Weibel, this concept was the “linguistic draft of a 
data suit.” Interestingly, Sutherland was working on the technical implementation of a 
man-machine interface, while Wiener, wholly independently, was investigating the 
cultural consequences of a synthesis of this kind. The difference between 
technological practice and theoretical analysis did not lie in the belief in feasibility, 
but in the expectations this feasibility roused. 

In this respect, Oswald Wiener began with the following finding: “The new 
branches of science known by the collective term cybernetics have produced 
sentences that can be applied virtually unchanged to sociological matters within so 
short a time that it is reasonable to suspect the formulators had in mind the 
establishment of fundamental correlations between the requirements of technology 
and those of the state.”[32] The logical conclusion Wiener drew from all this was the 
“liberation of philosophy through technology,” by means of the “bio adapter” that 
“for the first time fulfils the healthy-heroic ideal of a Homo sapiens who governs the 
universe, namely by drying out the cosmos on the one hand, and by liquidating the 
Homo sapiens on the other hand.”[33] The consequences of one such scenario are 
depicted in the film Matrix from 1999.  

Even if affirmative in tone, Wiener’s well-nigh nihilistic skepticism contrasted 
with the naive enthusiasm for technology of many other artists, an attitude which was 
presumably closer to the utopia visions fostered by the developers of the technologies. 
Nicolas Schöffer’s 1968 manifesto The Future of Art, for instance, reads: “The 
information networks must be opened up for the true aesthetic products. This however 
requires a new art-technology and a complete transformation of the relationship 
between the producing artist and consuming audience.… Today we can envision with 
certainty for the future a room that replaces the small screen and wholly envelops the 
consumer. In this room the consumer will be surrounded by audio-visual, (olfactory, 
tactile) programs, will bathe in a truly, consistently aesthetic climate he is able to 
dose, re-assemble and program according to his own wishes. This bath will put him in 
a position to continuously advance and perfect himself, to sensitize, concentrate, and 
express himself; it will lead to a new notion of human hygiene. This aesthetic hygiene 
is likewise indispensable for the those communities, or social groups, living in urban 
areas of various size.”[34] What Schöffer chose to ignore (in best Futurist fashion) 
was the marginal role art and artists would play in the de facto development of the 
world-model he outlined. Indubitably, the contemporary ear detects a sinister 
undertone to the technology-based “aesthetic hygiene” he propagated. 

It is tempting to place the technical enhancements of man-machine interaction in 
relation to the lifting of boundaries of 1960s art. Toward the end of the same decade, 
this synthesis was promoted by the first Art & Technology events.[35] There are 
undeniable similarities between the technological futures mapped out by Schöffer, 
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Sutherland, and Wiener, but their theories regarding the social, psychic, and political 
effects were radically different. We are reminded once again that interactivity always 
stands both for a technology and for an ideology. Either field has continued to overlap 
with the other up to the present day. The term ‘Cyberspace’ was coined 1981 by 
science-fiction author William Gibson in his short story Burning Chrome and 
becomes common with his novel Neuromancer 1984. The emphatic, sometimes even 
ecstatic, books by scholars like Donna Haraway or popular authors such as Howard 
Rheingold were more conducive elements of 1990s cyber euphoria than the general 
public’s hands-on experiences with technology of this kind. Yet this hype, for its part, 
stimulated technological developments and, above all, the need for them. In this area, 
it follows, there is a very close reciprocal relationship between fictive visions (be they 
expressed in literature, science or art) and the creation of the technological functions 
these visions describe. The fiction and function of Cyberspace evolved in a process of 
constant feedback. 

Nevertheless, it is possible to plainly state the real motives for the creation of 
Virtual Reality technology, and with them the ideological background. From the 
1960s onward, the practical implementation of such blueprints was financed almost 
exclusively by military budgets. Regardless of whether the philosophical and 
aesthetic designs originated from scientists, writers or visual artists, their ideological 
basis clearly differed from that of their practical implementation. One ideology was 
trying to remove the aesthetic boundaries between individual and collective, or 
between producer and recipient, while the other—wholly contrarily—was aiming at 
the military transgression of a frontier shielding an enemy defined by this very 
ideology. Since the aesthetic ideal of removing boundaries was dependent on the 
device developed for other purposes, art was now suspected, not without justification, 
of recycling or even pseudo-legitimizing, military technology. Computer games, as 
one example, represent the broadest worldwide usage of these technologies. While as 
games their combinatorics give them some relation to the arts, most of them have an 
ideological and psychological basis making them notorious illustrations of the 
military origins of their technologies.[36] If artists are unaware of the inherent 
contradiction of using means developed for military purposes to advance their 
aesthetic aspirations towards lifting boundaries, then they are naive at best, 
opportunists at worst.[37] 

3.8   Examples of Media-Assisted Forms of Interaction of the 1980s 
and 1990s 

“Virtual Reality and Cyberspace are 1960s ideas, even if their technology was first 
implemented in the late 1980s,” asserts Peter Weibel.[38] Like Jeffrey Shaw and 
Valie Export, he counts among those artists whose work with different forms of 
interaction spans the divide between the approaches of the 1960s and 1990s. With the 
same statement, however, he joins Shaw and Export in ignoring the paradigm shift 
between the removal of aesthetic and social boundaries in the 1960s and the 
technological interactivity of three decades later. This might be partially explained by 
the fact that the notion of interactivity only reemerged in the 1990s as a result of 
technological development, after being almost entirely absent from the Conceptual 
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and Minimal art dominant in the 1970s as well as from the postmodern retrospection 
of the 1980s. 

Toward the end of the 1980s, realistic 3-D animation in real time became possible 
thanks to higher computing speeds and storage capacities. Interfaces like data gloves 
and cyber helmets could now be used for physical immersion in data space, and 
presented the basis on which in the following decade various models were developed 
for the interaction of human and machine, of real space and data space. The capacity 
of elaborate technology was the hallmark of most of the models produced in 
collaboration with media institutions, universities or business enterprises. 
Commentaries accompanying the art-related projects all emphasized the aspects of 
technical-aesthetic innovation and of the joint research conducted by engineers and 
artists. The emancipationist or media-critical approaches that were obligatory in the 
video art of the 1960s and 1970s now almost disappeared. Several typical models of 
human-machine interaction are briefly outlined below and placed in relation to 
parallel developments outside the field of art.[39] 
 

i. Interaction with a video story through multiple options 

Counting among the first successful examples of technology based interactivity, these 
works of the 1980s are strictly speaking not part of the Cyberspace domain. They 
connect video and computer technology in order to enable a plot with several variants 
and loops that, unlike linear narration, offer the viewer options for the further 
progression of the story.  

    

Fig. 3.2. Lynn Hershman, Lorna, (1983/84) interactive videodisk installation left: the viewer 
controls Lorna’s actions, the installation and Lorna’s room in the video contain the same 
objects right: the on-screen menu offers several options for Lorna’s actions. 

In her pioneering work Lorna (1983/84) (Fig. 3.2), Lynn Hershman places the 
viewer in the same space as the actress, whose fate he or she determines by way of a 
remote control. In her later installations, from a playfully feminist stance Hershman 
thematicizes primarily the sexual and erotic dimension of interaction, turning the 
viewer into participant or voyeur (Deep Contact, 1989/90; A Room of One’s Own, 
1992). Grahame Weinbren’s installations develop complex relations between several 
plot levels, pointing toward the interactive cinema of the future (The Erl King, 1986; 
Sonata, 1991/93). The potential to expand such approaches for collective productions 
was demonstrated by the Videolabyrinth jointly developed in 1988 by video 
filmmakers Rike Anders, Ilka Lauchstädt, Mari Cantu, and programmer Martin 
Potthoff. Their labyrinth contains three interactive plots subject to interruption by 
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questions, quiz assignments or scoreboard readings. As a West German production, it 
still had to rely on computer-controlled videotapes that entailed long waits between 
the sequences. Weinbren and Hershman, by contrast, deployed videodisk technology 
that was already available in the USA but failed to succeed on the mass market. With 
the launch of the CD-ROM in the early 1990s, the first interactive medium became 
commercially available, but its storage capacity was insufficient for longer video 
stories. 

Attempts by the entertainment and TV industries to make interactive film and TV a 
mass medium have not succeeded so far.[40] This may be partially due to the still 
complicated operating conditions, but the commercial failure of all interactive mass 
media models to date (from CD-I to interactive TV) might be taken as an indication 
that audiences prefer linear narration.[41] The dramatic structures of interactive 
narration likewise remain in the early stages. Zapping, which remains the most 
popular form of interaction with linear programs, is an anarchic form of personal 
montage that eludes all control or structuring. Oliver Hirschbiegel’s TV thriller 
Mörderische Entscheidung (Murderous Decision) was an attempt to transform the 
destructive principle of zapping into a constructive method of interaction. Its two plot 
strands were transmitted concurrently on ARD and ZDF, the first and second German 
channels, in 1991. Similarly, the non-linear film nomad (1998) by Petra Epperlein 
und Michael Tucker uses DVD technology to offer the viewer a choice between three 
versions running parallel to each other but allowing no interaction. 

 
ii. Interaction with a closed data world through which the viewer can navigate 

This is the classical model of basic 3-D interaction, such as presented in Jeffrey Shaw’s 
installations The Legible City (1988) and The Virtual Museum (1991) (Fig. 3.3). The 
viewer passes through an unchangeable data landscape, which is not unlike being on a 
tour around a town or through a museum. Decisive in Shaw’s works is the quality of the 
interface that, moving away from the keyboard or mouse, places the viewer on a bicycle 
or into a reclining chair and so enables everyday physical movements to be intuitively 
transposed into the data world. These installations have a certain resemblance to 
information systems such as museum guides on CD-ROM or interactive maps that 
navigate a driver through the streets of an unfamiliar city. The forerunner of all such 
systems was the Aspen Movie Map developed in the late 1970s by the Architecture 
Machine Group at the Massachusetts Institute of Technology. The notion of a 
 

 

Fig. 3.3. Jeffrey Shaw, The Virtual Museum, 1991, installation at Ars Electronica Linz 1992 
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‘virtual museum’ has become particularly popular, with museum visits being 
deployed as metaphors in products ranging from demo programs to science CD-
ROMs for a general audience. With digital technology, it would seem, the ideal 
medium for the ‘museum without walls’ (‘musée imaginaire’) envisioned by André 
Malraux is made available for the first time. One way of compensating for the lack of 
communicative processes with the ‘museum-like’ data world is to heighten the 
illusionist quality and in this way extend the sensations to bring about a complete 
immersion of the viewer. Such hi-tech installations are situated on the fringes of the 
art context, however, and often find more appropriate appreciation as scientific 
visualizations.[42] These products slot into a tradition stretching back to the 
nineteenth-century panorama.[43] At the same time they make it clear that, 
ultimately, illusion and interaction are mutually exclusive. 

 

iii. Interaction between body and data world 

All virtual-reality techniques constitute an expansion of perception and establish a 
connection between data structure and body. The development of such interfaces 
represents one of the most creative intersections of artistic and technological 
approaches in the 1990s. The classical set composed of data glove and VR headset 
proves impracticable for exhibitions, conflicting as it does with the habits of museum 
visitors and only able to be used by one visitor at a time. ART + COM delivered a 
paraphrased version of the museum situation with Zerseher (1990–91) in which a 
Renaissance painting (Boy Holding a Child’s Drawing by Giovanni Francesco 
Caroto) is dissolved as a digital reproduction through the gaze of the viewer. An eye 
tracker developed for medical and military purposes records the motions of the eye 
within the field of vision, and in this way makes possible, at least in a symbolic 
destruction, the technical implementation of the active role of the art observer. Peter 
Weibel’s installation The Tangible Image (1991) permits direct, haptic access to a 
digital image. This work can also be viewed as the human-machine version of the 
human-human interface provided by Valie Export’s Tap and Touch Cinema; again, 
the paradigm shift from the 1960s to the 1990s becomes evident.[44] Weibel carries 
forward this fusion of image and spectator in The Curtain of Lascaux (1993), 
embedding it in a philosophical concept taking in the history of human perception 
from prehistoric paintings through Plato’s cave to Cyberspace.[45] A feedback 
between body and data takes place in Ulrike Gabriel’s installation Breath (1992/93). 
Via a sensor belt, the viewer’s breath influences the computer-generated projection of 
crystalline-amorphous visual structures and the soundtrack. The visuals and sound are 
designed to affect the viewer and initiate a biofeedback between user and machine. 
Experiments with interactive choreography took the first step toward connecting 
human and technical action. Electro Clips (1994) by Christian Möller and Stephen 
Galloway as well as Binary Ballistic Ballet (1994) by Michael Saup and William 
Forsythe were both the products of collaboration between a media artist and a 
choreographer. 

David Rokeby’s sound installation Very Nervous System, whose reaction to body 
language he continued to develop between 1982 and 1995, is a pioneer work in the 
area of body-computer interaction. There are different versions for different areas of 
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implementation: it exists as an exhibition object for interaction with visitors and as an 
interactive instrument for performances with musicians and dancers. There is even a 
version for medical use that enables a completely paralyzed woman to communicate 
with the outside world by blinking her eyes. In this respect it is not only an 
installation, but above all a tool for multiple applications which its users furnish with 
content. The media-assisted body performances by Stelarc, who in countless self-
experiments since the end of the 1980s has temporarily integrated media technology 
into his body, are even more spectacular. External sensors, for example, control the 
movements of his arm, which can be animated alternatively by Internet users or by an 
echo in the transmission times in the Net (Fractal Flesh 1995, Ping Body 1996). 
McLuhan’s dictum that media are “extensions of man” is taken so literally in this case 
that for its part, the body becomes an extension of media. Two diametrically opposed 
approaches: Stelarc works on incorporation of the machine in the body, and Rokeby 
works on the body-like reactivity of the machine. In doing so, both of them work 
continuously on new aspects of an almost alchemical, unfinishable opus of a lifetime 
in the undefined space between art, physiology, and software. This also applies to 
other pioneers of interactive art, such as Myron Kruger, who as early as 1974 began 
tinkering with perfecting his installation Videoplace in order to make the countless 
application modes for interaction between the body and the electronic image appear 
more and more human. 

 

iv. A data system with momentum that is enhanced through interaction 

Since Turing, the ability of machines to learn was always considered to be an essential 
condition of Artificial Intelligence. Even on the low-tech level, a number of models 
were created that assigned a ‘work’ a life of its own in interaction with the viewer. Peter 
Dittmer’s installation The Wet Nurse (Die Amme) (1992–ongoing) (Fig. 3.4) is another 
live time development project. Based solely on language, this apparatus involves the 
user via the keyboard in a complex dialogue. If the computer becomes finally agitated, 
this results in the symbolic spilling of milk into a large glass cabinet. The software’s 
conversational skills are continuously expanded and enriched through usage. Thanks to 
the modest storage requirements of text, no more than a PC is required back in 1992 for 
the user interaction. The sculptural appeal of the whole is as important and has since 
been significantly expanded and modified up to the last version of 2007 which filled a 
whole museum space. The basic set up is a clear demonstration of the principle of the 
Turing Test with its distinction between rational and libidinal function—while it is  
 

 

Fig. 3.4. Peter Dittmer, Die Amme (The wet nurse) since 1992, installation at Minima Media 
Leipzig 1994 
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possible to mistake the machine for a human being in the conversation based on written 
language, no such confusion is likely to occur with the milk served by the ‘wet nurse.’ 

Daniela Plewe’s installation Muser’s Service (1994–95) is likewise based on 
linguistic exchange. Unlike the impertinent answers of the Wet Nurse, however, the 
PC in this case provides assistance to daydreamers, or musers, by freely associating 
between two keywords entered by the user. That computers take over human chores is 
commonplace—but what about daydreams or even fundamental decisions? The latter 
are served by the model Daniela Plewe presents in Ultima Ratio, whose various 
modes range between ‘cascades of doubts’ and ‘war of convictions.’ The artist states: 
“In contrast to classical logic (but in unison with other AI systems), the (modified) 
decision-support system of Ultima Ratio tolerates contradictions and exceptions to 
rules.… The visitors are required to explain their intuition, and in doing so possibly 
feel the desire to continue refining, ad finitum, an ultima ratio that slips out of control 
again and again. It was not primarily a question of practicing AI, then, but of using 
software and its syntactical units (rules, exceptions, contradictions) to vary and 
comment upon something of the culture that surrounds us.”[46] 

When artists decide to incorporate self-developing dynamics into graphic-spatial 
displays, the technical requirements escalate. The installation A-Volve (1994) by 
Christa Sommerer and Laurent Mignonneau invites visitors to sketch on a monitor the 
outline of small, artificial beings, whose subsequent brief digital lives in a virtual 
aquarium are guaranteed only by the pseudocaresses of their creators. Instead of the 
linkage of ‘art and life’ propagated in the 1960s, the concern is now to overlap 
technology with biology in order to simulate artificial life. Yet the entertainment 
aspect partially invalidates the intended character of scientific visualization. 

The degree to which dynamic processes in computers can be considered ‘creative’ 
was the subject of partly serious, partly ironical, debate. As early as 1985, Richard 
Kriesche presented the following radical theory: “As long as natural and artificial 
intelligence are two separate properties, art will remain a mystery,” and their 
synthesis might however be achieved “thus rendering art unnecessary.”[47] Following 
this line of thinking, Turing’s question, “Can machines think?” would now have to 
read, “Can machines make art?” 
 

v. Dialogue-based models 

In these models the human-medium-human interaction is more important than human-
machine interaction. The simplest case are telecommunication pieces with live video 
or TV links between two exhibition venues (on different sides of the world or across 
the street). In the 1970s Douglas Davis began to use television for live art actions. 
Some of them allow a real dialogue (Talk Out!, 1972) others only metaphorically, if 
not to say metaphysically, by staging a pseudo-telepathic connection (The Austrian 
Tapes, 1974). With the proper presentation, technically flawless pieces like Paul 
Sermon’s Telematic Dreaming (1992) and Telematic Vision (1993) attract maximum 
audience participation today. While the telematic expansion of everyday situations 
such as sitting on a sofa or lying in bed is unlikely to rouse technological inhibitions, 
the dialogue mostly remains on the playful communicative level of ‘hello there.’ 
Agnes Hegedüs’ installation Between the Words (1995) places directly opposite each 
other two partners in conversation separated only by a wall housing the interface in 
which virtual gestures are superimposed over real physical expressions. This lyrical 
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approximation of virtual and face-to-face encounter became a drastic message in the 
‘cybersex suits’ presented by the artists Kirk Woolford and Stahl Stenslie in 
1994.[48] More effort, it would seem, is being put into similar models for practical 
application outside the art world. The press coverage granted to such experiments 
seems to point to a virulent area of the collective subconscious. All these dialogue-
based approaches tend to exaggerate the symbolism of media connectivity. Douglas 
Davis, for instance, in 1975 described the feedback resulting from his work as, 
“Knowing that I am involved in the evolution of a deeper, more diversified system of 
communication, between myself and the world and back. It has nothing to do with 
specific response.”[49] A fresh illustration of McLuhan’s statement “the medium is 
the message,” but nothing more. 

 
vi. The “exemplary viewer” 

In the installations described so far, the visitor takes on a new role: not just viewer, 
but also performer. Yet this self-evident explanation of the term interactivity 
disregards a second, equally (if not more) important change in the viewer’s role. Due 
to the fact that most interactive installations allow only one viewer to act, he or she 
occupies a specific position and is a part of the work’s completion. They become 
‘exemplary viewers,’ not just one viewer among many and no longer part of a group 
assembled in front of a work and walking around it at individual leisure. 

In the hi-tech simulations of the 1990s, the exemplary viewer acts as the link 
between data space and the real world. The meeting between visitor and mediated 
image in the closed-circuit video installations of the 1970s was comparable. In the 
Cyberspace installations, that element of self-duplication termed “video narcissism” 
by Rosalind Krauss in her analysis of 1976 produces the symbolic loneliness of the 
viewer in virtual space.[50] The same applies to telecommunications projects in 
which two viewers are placed in relation to each other but the actual fascination is due 
precisely to the insurmountable spatial and physical separation that accompanies the 
intensive connection. Along these lines, Paul Sermon’s telematic linkage of two 
people in two beds for the purpose of televisual pseudophysical contact (Telematic 
Dreaming) is also a rejoinder to the media role shown in Valie Export’s Tap and 
Touch Cinema of 1968. 

At an exhibition, the actual situation of the exemplary viewer is of course often 
anything but lonely. Other visitors perhaps observe the interaction, offer advice, 
laugh, or wait impatiently for their turn to come—long queues are frequently a 
problem at popular shows in the 1990s. Jeffrey Shaw’s account of an experience with 
his Legible City during a show with late-night opening demonstrates that isolation in 
front of the apparatus is one of the central experiences with this form of interactivity. 
Suddenly, Shaw saw his own installation on its actual plane of experience—that of 
cycling by night through a deserted city.[51] Loneliness, then, extends into the visual 
realm of the works. In none of the numerous virtual museums developed during the 
1990s, will a visitor bump into other visitors.[52] 

Almost all of the models of interaction described so far are implemented in 
installations that remain bound to real space. This physical relation enables the works 
to be placed in art contexts with their site-specific valuation criteria of being more, or 
less, prominent exhibition venues. Their technical complexity, however, makes the 
installations considerably more difficult to transport than pictures or objects. 
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Ironically, in the 1990s the price of the 3-D animation hard- and software generally 
surpasses by far the potential market value of the artwork generated with the aid of 
the same technology. The paradoxical relation of media and market is, that in the 
1990s virtual-reality pieces cannot be sold because their technology is too expensive 
for the average collector or museum budget, whereas artists’ videotapes in the 1980s 
and early 1990s were still too low-priced to be taken seriously as collectible art. Even 
more crucial is the fact that illustrations or documentations fail to produce essential 
aspects of the user interaction in hi-tech installations compared to traditional, static 
artworks. This is why books and press reviews or even TV features can only convey a 
fraction of the whole. The most elaborate media inventions are precisely the ones 
which exceed the capacities of the mass media and are for this reason often neglected 
by media coverage. Ironically, the anachronistic result is that the viewer wishing to 
experience the actual interactive quality must travel to festivals and media-art 
exhibitions, just as in the past people traveled for the sake of art. The stationary 
interactive installation has proved to be a dead end due to these distribution problems 
and the limitedness of its interaction potential. While the availability of high-tech 
equipment was a financial question in the 1990s, this is getting even more complex 
with the problems of maintenance and preservation of the hard- and software. 
 

vii. Approaches toward collectivity in media space 

Through the interconnection of several users as part of a collectively developed 
structure, the electronic realm can be transformed into a social and to some degree 
public domain. Complex communications structures began to emerge, mainly in the 
form of text-based systems, even before the Internet boom. Long before then, the 
cadavre exquis of the Surrealists had already demonstrated the poetic potential of 
collective authorship. Roy Ascott’s La Plissure du Texte (1983) and the project with 
twenty-six authors initiated by Jean-François Lyotard on the occasion of his 
exhibition “Les Immateriaux” in 1985, or John Cage’s The First Meeting of the Satie 
Society (1986) are initial efforts for a networked authorship among artists and writers. 
Hypertext concepts followed in Germany from 1988 onward by the project “PooL-
Processing” of Heiko Idensen and Matthias Krohn.[53] The postmodern thesis of the 
“death of the author” thus finds its contemporary technological form, because already 
in Lyotard’s project, it was possible to modify the texts written by the other 
participants in the collective.[54] An examination of the relation between ideology 
and technology is therefore also possible in the context of the postmodern discourse, 
in particular with respect to the concept of the rhizome, which Deleuze and Guattari 
coined for an interlinked text structure as early as 1976. 

As a collective form of communication, networked writing has now become an 
everyday form of discourse on the Internet. In the 1990s textual worlds of the MUD 
(Multi-User Dungeon) and MOO (MUD Object-Orientated), which were originally 
created as networked games, are becoming part of the Internet way of life together 
with chat rooms and mailing lists in the tradition of the once famous Californian “The 
Well.” [55] These playful communities were for a long time areas of non-
compromised creativity and self expression, but did not surface in the context of 
media art.  Exceptions are Evelyn Teutsch’s “FOOGUE” (1996 onward) and the 
installation [DPsNtN] = DISPLACED_PERSONS say NOTHING to NOBODY 
(1997–99) by Christin Lahr. Lahr conducted research in the LambdaMOO on the  
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Fig. 3.5. Van Gogh TV, Piazza Virtuale, 1992, interactive TV broadcast for Documenta IX left: 
viewer interaction by telephone and touchtone right: interface for collective on-screen painting 
of the TV spectators 

debates surrounding “presence and absence, truth and falsity, gender, appearance, 
identity and location.” The findings are transferred to the art context by an installation 
in which only the static visitor can experience the overlayering of virtual and real 
space, making the encounter contemplative rather than interactive. 

Even before the Internet boom, the project “Van Gogh TV” (Fig. 3.5) at the 
documenta 9 in 1992 created a computer-operated link between television and the 
telephone. This enabled viewers who had managed to acquire one of the few dial-in 
numbers to collectively make music, paint, or chat live on the television screen by 
means of an interface operated via the telephone keypad. However, despite—or even 
due to—the widespread acceptance by the public, the lack of a thematic parameter 
and the primitive interface caused the project to end in one hundred days of 
irrelevance. In retrospect, one could interpret “Van Gogh TV” in line with 
Benjamin—as a magnificently failed attempt to anticipate the effects of the World 
Wide Web using television and the telephone. 

Physical interaction in simulated 3-D space can be combined with information data 
downloaded from the Internet in elaborate installations of the type implemented by 
the Knowbotic Research group (Simulationsraum mobiler Datenklänge, 1993; 
Dialogue with the knowbotic south, 1994). The viewers do not enter not a predefined 
data space but a digital environment which is continuously developed through the 
participants. It represents an attempt to find new forms of visualization for complex 
scientific procedures such as those used in Antarctic research. By implementing the 
means of associative, spatial, and physical experience, the artistic concern of the 
group is to make imaginable scientific and technological correlations that, due to their 
vast complexity, might seem to surpass our imaginative capacity. Since 1997, this 
field has been expanded to the analysis of urban structures. These images of 
‘computer-aided nature’ produced at the crossover between art and scientific 
visualization are often seductively aesthetic, possibly even too beautiful to be true. 

3.9   Interactivity and the Internet [56] 

Although scientists around the world have been using the Internet as a matter of 
course since the 1980s, the art world hit upon a new vision only with the hype that 
surrounded the Internet boom a decade later. Artistic interest in the Internet from 
around 1994 onward was due mainly to the introduction of new software making the 
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World Wide Web multimedia-capable and opening it up for visuals and sound in 
addition to written communication. At the same time, interactive data carriers in the 
form of the CD-ROM and later DVD-ROM appeared on the mass market. The most 
important effect of these new technologies is that interaction becomes an option for 
the mass media. Interactivity is due to leave the laboratory and announced as the 
bright future of the media industry. Restrictions on access to local interactive hi-tech 
installations belong to the past as the interactive data can be delivered to everybody’s 
home. The viewer, relieved of the necessity to make extensive journeys in quest of the 
interactive art, is turned into a data traveler on the Net. The shift of concepts is 
evident in the changing meaning of the central terms. ‘Cyberspace’ is no longer 
understood primarily as a virtual extension of real space into an immersive data 
environment, but instead as a meta-network of communication structures. 
‘Interactivity’ is leaving behind human-machine interaction to again become 
interpersonal interaction whose structures are molded by the supra-machine of the 
Internet. 

An overabundance of connectivity has replaced the symbolic loneliness 
experienced by the viewer in the Cyberspace of the early 1990s or on meeting his 
own video image in the 1970s closed-circuit installations. As a point of convergence 
for all media and genres, the Internet appears to supply the technical means to fulfill 
the utopias of intermedia art. The idea of a ‘Net’ is older than the technical reality; as 
early as in the 1960s, it was a central motif of alternative culture and aspirations to 
political and social influence. These ideals are being rediscovered in view of the new 
technologies in the first wave of Net utopias of the early 1990s. An ‘open work’ that 
is generated through the communication of participants and the ‘domination-free’ 
discourse of all Net users are basic forms of this Internet ideology and aesthetics. This 
attitude was anticipated in projects like the “Electronic Cafe” of Kit Galloway and 
Sherrie Rabinowitz, which joined up various districts of Los Angeles in a multimedia 
network for the 1984 Olympic Games. Without offering any form of content, the 
makers were determined to show that merely the opening up of communication 
channels possesses an ethical and democratic dimension. “Electronic Cafe” is thus the 
precursor of all Net utopias that cast a social model in a technological mold. 

The most successful projects in the grey zone between politics and culture are the 
‘digital’ and ‘international’ cities created from 1994 onward, initially in Amsterdam 
and then in many other European cities. One programmatic statement read: “New 
interpersonal relationships are initiated by the ‘International City’ and influence 
everyday life in the real city. In contrast to other media, new information will be 
created through social exchange.”[57] The “global village” propagated by McLuhan 
in the 1960s was now scaled down to a regional electronic neighborhood but with a 
potential exchange between the interconnected digital municipalities. Many of these 
projects soon faced the question of whether they wanted to remain within the self-
determined free space of alternative-artistic media work or, like the rest of this 
booming commercial environment, become professional service providers. This 
conflicting role led to the self-dissolution in 1997 of the prominent “Internationale 
Stadt Berlin,” while its digital counterpart in Bremen became an Internet service 
provider.[58] Such scenarios echo—but at a much faster pace—the way the video 
scene split up in the 1980s into those who did commercial work for TV and those who 
continued to produce art and had no further association with the TV networks. 
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A number of Internet projects can be related to the ‘context art’ of the 1990s, even 
if in the museum and gallery context it was never generally accepted that such a thing 
as ‘Net art’ even exists. The first such project was “The Thing,” founded in New 
York in 1991, which opened at least temporary nodes in Berlin, Frankfurt, Hamburg, 
Düsseldorf, Cologne, London, Stockholm, and Vienna. Wolfgang Staehle, the 
founder of what began as a purely text-oriented discussion forum with its own BBS 
network (Bulletin Board System) outside the Internet, cited big names: “Beuys was 
concerned with social sculpture, with art production made collectively by a group or 
community. ‘The Thing’ is a sculpture of that kind—it realizes Beuys’ idea of direct 
democracy, of the political community as a social structure. At the same time, it 
represents an expansion of the concept of art.”[59] Can the problem of expanding the 
notion of art be solved using the appropriate medium? Or does this statement imply 
that artists too are now proclaiming the paradigm shift from the 1960s ideology to 
1990s technology? To its users and creators, “The Thing” offered a preview of the 
time, when network communications have become a commodity and part of everyday 
live. Intended at first as a temporary project, it became a permanent structure that 
moved to the Internet and offered a discussion platform and provided web-space for 
artists projects. The internationality of the first years soon split up into more or less 
autonomous locations which led a live of there own during most of the 1990s – most 
of them disappearing from visibility as commercial providers offer the same services.  

In the early 1990s, all arts-related Net projects were still determined to pursue the 
parallel goals of creating public access to the Internet and installing a new platform for 
discourse and dissemination whose content would develop along the lines of its 
members’ activities. The Internet boom, however, soon rendered superfluous (or 
outmoded) this coupling of content to technology. Since access to the Internet is 
supplied on a commercial basis, the demise of projects like “The Thing” or 
“Internationale Stadt” perhaps represents the commodification of the last twentieth-
century vision of combining technical and artistic progress. The historical relevance of 
these projects, as models for a general shift in the public access to and awareness of the 
Net, is not acknowledged in art history neither in media history.  There is no institution 
that has per definition a responsibility for the documentation and preservation of this 
part of the history of digital culture. This is why the initiative has been taken up by the 
Ludwig Boltzmann Institute Media. Art. Research for the exemplary republication and 
scholarly documentation of these early 1990s net-based artists’ collaborations to 
prevent a total loss of this part of the cultural digital heritage. [60] 

Certainly, art is a minor player on the sidelines of the 1990s Internet boom. Artists, 
however, were anything but slow to grasp the central problems raised by the medium, 
as is demonstrated by “The File Room,” a project initiated by Antoni Muntadas in 
1994 and still in progress. Acting as an open archive of current and historical cases of 
censorship, it is continuously being expanded by a worldwide body of users. 
Although Muntadas, who began exploring the political function of mass media in the 
1970s, launched the project without any thought of the Internet as its medium, it 
became acutely relevant due to the Internet. Because the repeated calls for Internet 
censorship and the Communications Decency Act that narrowly failed to become law 
in the USA in 1996, “The File Room” directly synthesizes medium with message. 
Early Internet statistics placed the project’s Web site among the most frequently 
visited addresses, ranked closely after the Microsoft site. 
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Ingo Günther’s “Refugee Republic” is another project that coincidentally meets 
with the emergence of the Internet as a conceptual model in the early 1990s. As a 
project aiming to make the twenty million refugees worldwide a potent capital asset 
rather than an economic burden, it might well appear to be a typical Net utopia. In 
fact, like “The File Room,” it was not conceived (in 1993) as an Internet project, but 
the Net proved to be an appropriate medium. Günther does not base his work on the 
assumption that since we’ve got the Internet, artists are supposed to do something 
with it.  Rather he starts to map out a new political function of the medium in relation 
to an international dispersed population, that has no central government. In 1516, 
Thomas Moore had to use an undiscovered island state as the pretext for his ‘Utopia,’ 
although he was attacking conditions in his own country. Günther’s non-territorial 
state, by contrast, can exist only on the Internet, meaning it is a perfected utopia 
whose medium also designates the means of its realization—even if realization is not 
yet in sight.[61] 

The political utopias from high-ranking sources that marked the beginning of the 
Net boom—for instance, the “new, Athenian age of democracy” conjured up by Al 
Gore for Bill Clinton’s information-superhighway election campaign in 1992—have 
remained unfulfilled. Their influence, however, cannot be denied, even if the results 
were just the opposite to those intended. Remembering the Internet community’s 
organized mass e-mail protest in reaction to the first senders of spam mail in 1993, is 
like looking back on a distant, bygone Net era. Since the mid-1990s, the value-free 
vehicle of scientific discourse, chat rooms, and newsgroups that was the Internet has 
been undergoing a transformation into a commercial mass medium. Thanks to the 
multimedia capabilities of the Word Wide Web, communication and interaction is 
giving way to new models of broadcasting and consumerism. The Internet has since 
turned upside down the market for most cultural products – the most prominent 
example is the ongoing crisis of the music industry since Napster.  

Ironically, the art market is the one place that has not been seriously affected by 
the Net economy. The ubiquity of the Net contradicts the socially and spatially 
defined context of art and the necessarily elitist discourse of those inside the art 
world. This led in the mid-1990s to the promising development of new structures like 
the Äda-Web and Rhizome in New York or the Public Netbase in Vienna, which 
encompassed the potential of both the art world and network communications.[62] 
That these projects have remained largely without impact inside the art world is due 
to the reciprocally exclusive discursive processes of the art and network cultures. 
Either side seems to have little real knowledge of the other, but the mutual reproaches 
sound alike: commercial dependency, pseudo-progressiveness, superficial openness 
or blank arrogance. In consequence, Netbased art is merely the lowest common 
denominator in two discourses that fail to engage with each other, and as such a 
marginal category caught between two fringe groups.[63] It represents the pinnacle of 
a paradox that has accompanied media art from the beginning: mass media, and above 
all the Internet, dissolve all contextual relationships. In the twentieth century, by 
contrast, the art of Modernism has become ever more context-specific and, 
accordingly, ever more context-dependent in regard to evaluation, even to 
perceptibility. Netbased art in the 1990s thus faces the dilemma of addressing 
everybody through its medium, but nobody through its context. 
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The fast-developing Internet economy has passed by the field of art, which is 
possibly more immune to the dangers of commercialization than its exponents might 
want it to be. The 1990s attempts at ‘Net-art galleries’ where based mostly on the 
model of conventional galleries and shared the fate of Gerry Schum’s TV gallery, 
which was an abortive attempt in 1970 to transport the art context into a mass 
medium.[64] Further evidence is offered by the unsuccessful Internet auction of the 
New York “The Thing” Web site in 1999: bids only reached around five percent of 
the limit of $45,000. 

 

Fig. 3.6. Blank / Jeron, Dump Your Trash!, 1998, diagram of the project 

That slow access to the congested World Wide Web has brought the World Wide 
Wait instead of the promised land of freedom for modem-users in the 1990s is the 
topic of a project entitled “www.antworten.de” (1997) by Holger Friese and Max 
Kossatz. An Internet project such as “Dump Your Trash!” (1998) (Fig. 3.6) by 
Joachim Blank and Karlheinz Jeron is the symbolic gravestone marking the drowning, 
in an ocean of data trash, of faith in liberation through communications. On their 
server, named sero.org in tribute to the garbage recycling operation in the former 
GDR, Blank and Jeron also offer a “re-m@il” service for the public disposal of 
unanswered e-mails. In times when users may easily find over 1,000 messages 
waiting when they return from a week’s holiday, a service of this nature is a realistic 
satire on the self-blockage of the communications explosion. These concepts, which 
can comfortably be termed anti-interactive and anti-communicative, show the 
transition from Net utopia to Net critique. This shift is equally evident in the changing 
attitude emergent in the series of publications by Agentur Bilwet (Geert Lovink, 
Arjen Mulder, and others) from 1991 to 1997, as well as in the debates conducted on 
the Nettime mailing list since 1995.[65] As formulated in art and also in theory, this 
Net critique has two targets: the false promises of the telecommunications industry 
and the lost utopias of the critics’ own past. Geert Lovink, Joachim Blank and 
Karlheinz Jeron are Net pioneers of the early 1990s whose involvement in the digital 
cities movement proposed cultural and communicational alternatives to mainstream 
media. 

At the end of the 1990s a critique of interactivity and its unresolved promises is 
common ground of media art and media theory. Under the motto “Interactivity is the 
biggest lie of all!” Keith Seward and Eric Swenson condense the mixture of hard  
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Fig. 3.7. Mark Napier, Black and White (CNN) 2002, application for Carnivore by RSG, 
reading each bit of cnn.com, 0 moves black horizontal, 1 moves white vertical, black and white 
attract each other 

pornography, radical politics, advertising, and propaganda that characterizes the Net 
and, above all, the discussion surrounding it, on their CD-ROM Blam! 3. [66] A direct 
route leads from anti-interactivity to software subversion of the type awaiting 
unsuspecting viewers of the Jodi.org Web site. Confronted with constantly changing 
images of the final crash, the viewer is helpless until the realization dawns that these 
images simulate the non-simulatable end of all simulation machines.  

The subversive software Carnivore (Fig. 3.7) by the group RSG (Radical Software 
Group) goes even further. The project, which was launched in October 2001 three 
weeks after the 9/11 terrorist attacks, makes the complete surveillance of the Internet 
evident by allowing one to be able to read all data traffic in plain text after it has been 
installed on a local network. Using freeware, anyone can defy the FBI’s elaborate spy 
program of the same name and in this way keep up with the anticipated heightened 
government surveillance in the wake of 9/11. The artistic side of Carnivore consists 
in its use as a basis for various forms of the alternative visualization of data streams in 
real time. These “diagnostic clients,” which were developed by several artists, allow 
transforming the consternation over being observed into an aesthetic contemplation of 
randomly determined structures. This conscious fatalism transformed into randomized 
aesthetics can be related all the way back to John Cage’s pieces for radio from the 
early 1950s. RSG makes specific reference to the origins of the Ethernet in terms of 
radio technology, which is still evident in its designation.  

That brings us back to the starting point of this text in two respects. Firstly, before 
any kind of interaction, participation is a basic principle of the modernist aesthetics—
and in the RSG project it is being extended to otherwise invisible processes at the 
highest technical level possible. Secondly, the conflict between individual 
communication and mass communication reemerges, which has characterized all 
electronic media since the advent of the radio and ultimately to the Internet. 

As early as 1972, Jean Baudrillard had refuted Enzenberger’s theories regarding 
the emancipating, democratic function of the media: “Now, the totality of the existing 
architecture of the media founds itself on this latter definition: they are what always 
prevents response, making all processes of exchange impossible (except in various 
forms of response simulation).”[67] According to Jochen Gerz, it was the questions as 
opposed to the answers that were crucial for the political upheaval of 1968. The  
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impossibility of providing answers in the media is shown by his Internet project “The 
Berkeley Oracle” (1997–99), which consists solely of questions from the general 
public. Just as the new departure of the 1960s ended with Bruce Nauman’s 
declaration of mistrust in participatory art forms, so the 1990s come to a close with a 
skeptical revision of a concept of interactivity molded by media technologies. 

The term interpassivity, coined by Robert Pfaller, provides the theoretical 
background for this.[68] His skepticism with respect to the general euphoria 
surrounding interactivity goes back to phenomena such as the canned laughter heard 
on TV comedy shows, which is symptomatic for art that contemplates itself, so to 
speak, and thus anticipates viewer reaction.[69] Pfaller also sees this tendency toward 
“delegated amusement” in interactive art, which allows abstaining from forming an 
aesthetic opinion. Thus the concept of interpassivity constitutes the updated 
counterpart to the pseudoactivity of media consumers demonstrated as early as 1938 
by Theodor Adorno in his examination of radio and record listeners.[70] 

Is it possible, at this point, to bring to full circle the ideal of aesthetic sensitization 
extending into interaction with the media as demonstrated in 1951 by John Cage’s 
Imaginary Landscape No. 4 for twelve radios and twenty-four performers? Are artists 
merely the ‘exemplary listeners’ who allow us to recognize the media-induced change 
of world view through a process of selection and bundling—or have precisely the new 
technologies restored to art the opportunity and the claim to intervene in the dynamics 
of the development of a media society? Conversely: how ‘resistant’ will the notion of 
art prove to be against the mediatization of all areas of life? Or, specifically in relation 
to the subject of this essay: does it still make sense to ponder upon the significance of 
interactivity from the perspective of art, or would it suffice to point out developments 
in the fields of software, hardware and interface design? 

The fact that in 1999 the jury of the Prix Ars Electronica chose to award the main 
prize in the ‘.net’ category to the operating system Linux may have something to do 
with the difference between the open and closed systems described above in relation 
to John Cage and Bill Gates. However, the underlying implication that programming 
is the actual art and what artists make of it will always remain secondary matches up 
with Friedrich Kittler’s suggestion that only our ignorance makes us confuse the 
products of media with art. The emphatic confirmation of this theory by an art jury 
can be criticized, from the perspective of art, as superfluous affirmation of media art’s 
unquestioning faith in technology and the final truncation of all links to the art 
context.[71] From a cultural-historical stance, on the other hand, this decision can 
also be seen as indicating the unquenchable yearning to return to an age in which art 
and technology were not separated. A festival such as Ars Electronica would then be 
the rightful successor to the Ars inveniendi of the Baroque age, whose attractions 
included military art, water art, and firework displays along with the first mechanical 
computing device and the android automatons that so impressed court audiences. The 
countless projects falling somewhere between art and media and boasting the name 
Leonardo in their title suggests the same need to make the painter, anatomist, master 
builder of forts, and inventor of flying machines a symbol of a wholeness of cultural 
achievement, technical innovation, and scientific research that is forever lost. 
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3.10   Again: Is Interactivity an Ideology or a Technology? 

Even with the aid of computers, the yearning for the resurgence of the Renaissance 
Man is doomed to remain unfulfilled in these times of an explosion in knowledge and 
communications. All the same networks are producing a convergence of previously 
separated cultural, social and technological fields. The questions posed by Brecht and 
Turing regarding the social or technological significance of media-assisted 
interaction, which were still radically disparate in the 1930s, are now beginning to 
overlap. Due to the interweaving of human society and its digital back-up, it is 
becoming increasingly difficult to define the boundary between ideology and 
technology, and indeed technology forms a central part of ideology in the 1990s.[72] 

The possibility of a future convergence of ideology and technology was present 
throughout the development of media-assisted interactivity and the surrounding 
debates. Even before any media artworks had been produced, the participatory forms 
introduced by Happening and Fluxus were attempting to remove the boundary 
between producer and recipient. These movements were also a reaction against mass-
media consumer conditioning, as is shown in the symbolic deconstruction of radio 
and television by Cage, Paik, and Vostell, and also in Expanded Cinema. With its 
equally aesthetic, social, and political foundation, this ideology results in the belief 
that by means of the media it will be possible to disrupt the macrocultural inclination 
towards passive reception—provided these media can develop their inherent potential 
for interaction and communication. Therein lies the source of the proposition that the 
media have the power to emancipate, a thesis put forward in identical form in such 
disparate contexts as Enzenberger’s criticism of the Left’s inadequate media skills, 
written in 1970 with a nod to Brecht’s radio theories of the 1930s, and Weibel’s call 
in 1989 for a future dominated by interactive art.[73] The thesis of the liberating 
power of the media was likewise reflected in the ‘Californian ideology’ of the 1990s, 
as embodied by Wired magazine or the would-be alternative European projects such 
as the digital cities or “Nettime.”[74] Bill Clinton’s superhighway electoral campaign 
in 1992, however, already heralded a radical turnabout. In a record period of time, the 
idea of free network communications hatched somewhere between hackers, ex-
hippies, and a small avant-garde in art and politics became the central message of the 
media industry leading directly into the bubble of the New Economy. Even quicker 
the new consumer-as-producer (prosumer) culture of the Web 2.0 has been turned 
around into a commercial data mining ground for the ever increasing exploitation of 
the attention economy. For the myspace und youtube generation the promise of the 
user emancipation in network media is cannibalized by the self-consumerism 
following the slogan “broadcast yourself”. This is why, finally, the theory that media-
assisted interaction and communication would overcome the hegemony of the media 
industry has become more utopian than ever. Instead, the good old media skepticism 
of the high culture representatives is loosing ground as the conflict between ideology 
and technology is melting down. The on-line lifestyle of the young digerati has a 
pragmatic view of privacy and promotes the personal data profile as part of the public 
personae and as a personal commodity. 

Ranging from Bertolt Brecht via Happening and Fluxus to the left-wing activism 
of the 1960s and 1970s, and, finally, the interactive art of the 1980s and 1990s, the 
experiments in the laboratory of the avant-garde have all produced the same findings. 
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The influence of the mass media cannot be changed permanently or on a large scale. 
The posited liberating potential of media can be put into effect only in closely 
demarcated, culturally screened-off niches but—even in the allegedly post-capitalist 
era—will not survive against market forces. That was why Brecht deemed another 
usage of radio would be “impossible to implement in this social order, feasible in 
another.”[75] Now that the issue of Capitalism vs. Communism has been decided, 
however, we know there will be no other social order. If consumerism is an inevitable 
effect of all mass media, then to have faith in the liberating potential of media 
amounts to much the same thing as giving an alcoholic the key to the alcohol cabinet. 
Indeed, in 1932 Brecht compared the radio listener’s isolated passivity to that of the 
secret drinker, that most wretched of addicts. The interactivity euphoria of the early 
1990s is coming to an end with the morning-after feeling of “electronic loneliness” 
which Agentur Bilwet summarizes in 1997 with the motto, “Change the world; stay at 
home.”[76] This is still a good motto ten years later in the Web 2.0 context, where 
social life is more and more virtualized. 

3.11   “Where Do We Go from Here?” 

The depression that followed the Internet euphoria in the late 1990s can be seen 
alongside the attempts by the mainstream mass media to adopt forms of interactivity 
developed in the Net culture and in media art. Already in these failed attempts around 
the year 2000, the ultimate goal of activating the audience through merging the Net and 
broadcast media was clearly discernible. [77] It is not the emancipation of consumerism 
but a new edition of the economics of attention based in high-technology in which any 
activity by a viewer potentially becomes commercially measurable and exploitable. 
When AOL boss Steve Case says in 2000 that “more and more people want 
interactivity,” what he means is that in the future, viewers will “click on Britney Spear’s 
dress during a TV show and K-Mart will deliver it to their front door.”[78] At the same 
time a group of researchers at MIT is developing a so-called hyper soap that will lead to 
the ultimate perfection of the old television principle of product placement. While the 
show is airing, viewers can click on any of the articles on the screen and receive 
information about the product or view one’s ordering options. Imagine this: the car the 
leading man is driving, “Mercedes 300 SLK, $30,000—Link to the available models 
and a test-drive option.” The beer he drinks, “Tuborg, a six-pack for $3.99, delivery 
time 30 minutes for online orders.” The tissue he uses to dry his lover’s tears, “Kleenex, 
$1.99, will be delivered with the beer.” Thus the entire story of a TV series takes place 
in a virtual department store in which the actors are living store-window mannequins. 
Identification with the star becomes a guaranteed commercializable factor. By buying 
his clothes, furniture, etc., one apparently becomes someone like him. Any further 
commercials would then be superfluous, even counterproductive. The interactive, 
netbased mass media would then achieve a total synthesis of economic and 
technological structure, against the divergence of which they have been fighting since 
the days of the radio using methods such as rating. 

Ironically, the high-tech “hyper soap” exhibits marketing strategies comparable to 
low-tech reality TV[79]. Reality TV was likewise anticipated by avantgarde film in the 
style of Andy Warhol. In both cases, a principle developed within the context of media 
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art is adopted by the mainstream media, but the original goal is turned into its opposite. 
To express it in Brecht’s words: “Capitalism immediately and continuously transforms 
the poison with which it has been injected into a drug and it takes pleasure in it.”[80] 
Thus the artistic utopia of a participatory and later interactive art as the emancipation of 
the viewer from consumerism, which opposes the classic, closed concept of an artistic 
work that embodies an art in line with market conditions as a product, sees itself faced 
with the paradox that its concepts are to be converted into the engine for the total 
commercial penetration of everyday media consumption. This process may confirm the 
avant-garde status of media art. However, since the collapse of the New Economy and 
the reemergence of Web 2.0 economy, the ideals of the ‘heroic’ period of interactive art 
sound like historical relics from the antiquity of the ‘new media’ age.  

Today interactivity is no longer an experiment in the media lab or an experience in 
a media art exhibition but part of everyday life in digital culture. Does this mean, that 
some of the artistic and theoretic ideas behind it, have also left the field of high 
culture and have been embedded in a digital folklore which no longer cares about art 
with a capital A? Some anticipations of this idea can be traced back to Nicholas 
Negroponte’s prophecy of a new electronic amateur “E-xpressionist” art from 1995 in 
his book “Being Digital”: “The Sunday painter is a symbol of a new era of 
opportunity and respect for creative avocations—lifelong making, doing, and 
expressing. … There will be a more common palette for love and duty, for self-
expression and group work. … Computer hackers young and old are an excellent 
example. … The behavior of their computer programs has a new kind of aesthetic. 
These hackers are the forerunners of the new e-xpressionists.” [82] The themes of 
media art festivals in 2000 also set the expectation for amateur Internet culture that, 
under the motto of “do it yourself,” closely scrutinizes or reprograms the industrially 
predefined standards of media technology, and, under the motto “take over,” 
dismisses or simply ignores the evaluation processes of the art business.[83]  The 
pathetic proclamation of the “century of the consumer” in the ZKM exhibition 
“YOU_ser” of 2007 sounds like the final re-enactement of all the utopias that have 
been associated with interactivity and is again merging ideology and technology. 
After a long summary of the history of modernism as participatory user emancipation 
Peter Weibel’s conclusions is: “The artist no longer has a monopoly on creativity. 
�Users ... become producers and program designers and thereby, competitors to 
television, radio, and newspapers, the historical media monopoly. Audience 
participation reshapes itself as consumers’ emancipation. �... The new installations 
presented in the exhibition transfer the potential for co-designing by the user that has 
been developed on the Internet into the context of art and allow the visitors to 
emancipate themselves. �They can act as artists, curators, and producers. The 
exhibition visitors, as users, as emancipated consumers, are at the center of focus. 
YOU are the content of the exhibition! ... Is this the new cultural space for the 
emancipated consumer, the visitor as user who will decide the culture of the twenty-
first century, just as slaves, workers, and citizens as historical subjects have done in 
the past?“ [80] 

The unfulfilled utopia of an art that no longer calls itself art stems from the 
inheritance of early twentieth century avant-garde. The working class art of the early 
soviet union ended up in a totalitarian modernism and the ironic detachment of 
Marcel Duchamps ready-made became the model for a significant part of what we see 
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in museums today. At the same time the media amateurs working with photography, 
radio, film and video have created autonomous communities of creativity, mostly 
outside the field of high-culture and at least in some parts independent from the media 
industry. Can the rhizomatic pluralism of the Internet culture rescue the ideological 
legacy of modernism from its totalitarian claim and thus make the question regarding 
art or non-art finally superfluous? 

“On the Internet, nobody knows that you’re a dog,” announces the dog, in a 
cartoon from 1993, sitting at the keyboard of a computer talking to another dog. [84]  
Perhaps this is the updated version of Marcel Duchamp’s closing statement in his 
1961 lecture “Where do we go from here?”: “The great artist of tomorrow will go 
underground.”[85] 
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Abstract. In the late 1980s, a Berlin based group of designers and artists from
Berlin’s University of Arts teamed up with hackers and programmers coming from the
ChaosComputerClub environment. Together, they founded ART+COM. Up to that
time, everyone from this group had used computers only as a tool. At the same time,
all of them knew that this technology was on the verge of turning from a tool to a
(mass)medium used not only to process and edit information but also to spread and to
convey it. The quality most important to this new medium was and still is its potential
for interaction (generating a mutual dialog between the users and the application) that
distinguishes it from the classic mass media like print, radio, TV and the traditional
fine arts like painting and sculpture.

What are the possibilities, the strategies and the right approaches to use interactivity
and interfaces to access information in public space (e.g. urban environments) and
semi-public space (e.g. museums)?

4.1 Expert Interfaces vs Non-expert Interfaces

In contrast to other research facilities or design studios, ART+COM has real-
ized only a small number of interfaces for products, services or tools. The focus
lies on application based design and development of applications and installa-
tions in the context of mediating information e.g. for interactive installations in
museums, trade fairs or in an artistic context. Because these applications were
mostly developed for public or semi-public spaces where visitors would have to
understand them quickly and where they would often be used only once, their
interfaces had to be intelligent, simple and functional without giving a feeling of
banality. (These interfaces are in contrast to such e.g. as can be used in experts’
applications as users will have more time to get to know them and employ them
on a daily basis.)

In its first decade (1988 to 1998), ART+COM developed interaction design
and interfaces primarily in application-based research projects commissioned by
third parties or by itself. Interfaces and interaction principles were developed
on a technological as well as on a content basis and realized as working proto-
types. During the second decade, the focus shifted to end-user applications that
are characteristically unique copies designed for special contents and contexts
(museums, trade fairs, urban environment).

C. Sommerer et al. (Eds.): The Art & Sci. of Interface & Inter. Des., SCI 141, pp. 63–73, 2008.
springerlink.com c© Springer-Verlag Berlin Heidelberg 2008
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4.2 1988 to ∼1998: Application-Based Research in the
Realm of Interfaces and Interaction Design

Among the multitude of projects from the first ten years, four that are proto-
typical of this time, its attitude and approach are described.

4.2.1 Cyber City (1989-1992)

In 1989, the Wall came down and Berlin was once more one city. This moti-
vated a research project interested in Berlin’s urban planning. It was financed
by Deutsche Telekom and was based on an already existing broadband test bed
in Berlin. For this project, a model of Berlin was created in all its historic as well
as planned future states and made navigable by an in-house developed real-time
system. Users (architects, city planners, interested citizens) were to have the
possibility of navigating - via the broadband net - in real-time through time and
space, in order to newly plan or judge these plans, based on the knowledge of
the historical situation (Fig. 4.1).

Fig. 4.1. Cyber City, 1989-1992

In exchange for the ART+COM real-time software and the content designed
by ART+COM, the first Eyephone realized by and the first data glove Jeron
Lanier were made available by VPL to the project. It became clear quite quickly
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that this interface, while being attractive and effective in gearing the media’s
attention, was ergonomically and functionally unusable. Because of this, only
the Polhemus sensor located on the Eyephone and the data glove were used in
the Cyber City project. For navigating virtual Berlin, a system was developed
consisting of an aerial map of the city, a projection, and the sensor removed from
the goggles. This sensor could then be moved on the aerial map by the users.
The projection showed the virtual city rendered from the sensor’s position.

With this radical reduction to a small orientation sensor and an aerial map,
a system easily understandable and manageable for every user in a very short
time was created.

4.2.2 Zerseher (1991)

The project “Zerseher / De-viewer” took a step forward in the physical reduction
of interfaces. For the first time, an image based eye tracking system was used in
an art installation; every visible or physical interface between user and applica-
tion was eliminated. The observers find themselves in a museum environment, a
framed picture is hanging on a wall. Upon coming closer, the visitors notice that
exactly the spot of the picture they are looking at is changing under their gaze.
The image reacts to the way a viewer looks at it; it changes according to when
and how they look at it. After a while, people start interactively changing the
image by purposely moving their gaze over it. They never see the same image
twice (Fig. 4.2).

The motivation for this project was the fact that, at the end of the 1980s,
people were still looking at the computer primarily as a tool and not as a medium.
The painter exchanged his brush for the mouse, but he used it to do almost

Fig. 4.2. Zerseher, 1991
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exactly the same thing he used to do on an analogue basis. This was art with
computers, not the beginning of computer art.

With this installation, we have thus tried to promote, in a provocative way,
interactivity in the realm of art as one of the most important qualities of the
new digital media technologies.

One of the most important insights from this project was the fact that espe-
cially in public space, quick acceptance of interaction needs reactivity. A system
that, in a first step, reacts to users without their intending it and thus shows the
system’s possibilities without any conscious action will then, in a second step,
lead to conscious interaction with the system.

4.2.3 TerraVision (1994-1998)

TerraVision is a system using a typologically designed interface. The physical
interface (earth tracker) represents the content to be communicated and can
thus be easily read and used.

Isochronously to the vision of “the earth” in Neal Stephenson’s novel “Snow
Crash” (a system that allows the novel’s protagonists to navigate on a virtual
representation of the earth), ART+COM prototypically realized such a system
and presented it later at 1995’s Siggraph (Fig. 4.3).

TerraVision is a virtual representation of our Earth based on satellite images,
aerial shots, altitude data and architectural data. Users can navigate seamlessly

Fig. 4.3. TerraVision, 1994-1998
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from overviews of the earth to extremely detailed objects in buildings. Addition-
ally to the photorealistic representation of the earth, different kinds of spatial
data were integrated (weather, geological information, tourist information, etc.).
Even historical aerial shots were offered in the system. This allowed users to nav-
igate not only spatially but also through time. All data had been distributed and
networked and was streamed into the system according to the user’s needs. Ter-
raVision was the first system to provide visualization and unlimited freedom of
navigation within, in theory, an infinitely large spatial data environment.

In order to navigate this data, an interface based on three components was
created: A big sphere in the style of a globe to pilot the planet; a 3D mouse
to fly around; and a touch screen to interact with objects on the virtual earth.
Terravision is an isochronous realization of Neal Stephenson’s literary idea as
well as a prequel to Google Earth.

4.2.4 The Virtual Car (1996-1998)

After unsatisfying experiences with VR-goggles and gloves, ART+COM devel-
oped a new interface system in 1993: “Window into Virtuality” allows for objects
to be examined in space and to interact with them. To this purpose, the Polhe-
mus Sensor described above was mounted on a flat screen with handles, and a
camera was attached to the screen’s back. The camera’s images were shown on
the screen. Due to the sensor, the position and direction in space of the monitor

Fig. 4.4. The Virtual Car, 1996-1998
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were always known; thus a virtual object could be keyed (augmented) into the
camera image (Fig. 4.4).

Based on this development, the project “The Virtual Car”, commissioned by
Daimler Benz, was realized as a prototype of an interactive presentation system
for viewing and configuring the entire model range of a given vehicle. It was
designed for a future use in showrooms.

A virtual vehicle on a scale of 1:1 is standing - invisibly - in space. By means
of a telescope or pivoting arm attached to a touch screen on which the vehicle
is made visible, the spectators can freely move around and inside the car. If the
users move one meter in real space, they will also move one meter in virtual
space. The touch screen allows for direct access to the virtual model and its
features: The users can configure its color, materiality and equipment. Here, a
movable window was created that lets users look and reach from real space into
virtual space.

4.3 1998 - 2008: Interactive Installations and
Environments for Public and Semi-public Spaces

ART+COM continued its application based research from conception to proto-
types in its second decade. However, we now focused mainly on design, devel-
opment and realization of applications and projects for end users in public and
semi-public space. As described initially, these are mostly unique installations
dependent on the space and content they were designed for, where users can
quickly seize the content or the designed experience. For this reason, the inter-
faces and interaction principles are kept on a simple level. Even if these are final
products, it remains our claim to take an innovative and experimental approach
on each of these works, to develop and, at best, establish new paradigms of ac-
cess to information. In the following section, from again four projects have been
chosen to exemplify our approach and attitude of the last ten years.

4.3.1 Bodymover (1999-2000 EXPO Hanover)

For an exhibition on the theme of interfaces for EXPO 2000 in Hanover, the
brief was to design a space where visitors could create a collaborative visual
and auditory experience by employing their whole body. For this project, an
image recognition system was used as the interface that steered a floor projection
(Fig. 4.5).

The visitors stepped on a 20 meters x 7 meters, infrared illuminated surface.
They were filmed by an infrared camera under the ceiling. (Infrared cameras can
only “see” moving people but not the floor projection. This way, the projection
was eliminated from the analyzed image.) An image recognition system identi-
fied the outlines in real-time. Beamers also fixed under the ceiling then projected
a “billowing aura” based on these outlines around the visitors. When extrem-
ities like hands or feet were extended, the aura was protracted into space and



4 Interfaces in Public and Semi-public Space 69

Fig. 4.5. Bodymover, 1999-2000 EXPO Hanover

produced different sounds when it hit objects positioned in the room. Visitors
could thus experience their own body as an interface to graphics and sound.

This project proved that especially in public spaces image recognition systems
are suitable interfaces as: On the one hand, they are quite safe from vandalism.
On the other hand, if the interplay of reactivity and interactivity is appropriately
designed, the visitor will quickly grasp contents and enjoy the experience.

While Bodymover was the first project working with floor projection and
image recognition.

4.3.2 Interactive Medial Stage and Costume Design for the Opera
“The Jew of Malta” by André Werner (2002 Opera Biennale
Munich)

In 1999, André Werner was commissioned to compose an opera for the Biennale
in Munich. The composer cooperated with Büro Staubach and ART+COM to
design an interactive stage design backing the libretto and the composition. The
ZKM, Karlsruhe supported the project. The aim was to augment the classic
static stage design to a reactive, dynamic media design that could be introduced
as an active part to the opera.

On the stage designed to this purpose, large planes were arranged onto
which architecture, generated in real-time, was projected. The projection screens
formed clipping planes through an imaginary virtual architecture positioned on
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Fig. 4.6. “The Jew of Malta”, 2002 Munich

stage. Machiavelli’s - the opera’s protagonist’s - movements and gestures were
camera tracked and the virtual architecture moved accordingly. This concept
allowed linking the staged action and the architecture closely: Machiavelli as a
powerful character in the play has power over the stage (and consequently over
his co-actors) through the possibilities of interaction given to him (Fig. 4.6).

The costume was also medially augmented: Via a tracking system developed
especially for this opera, digital masks were generated in real-time, and the ensu-
ing “medial costumes” were projected exactly fitting onto the singers. This way,
it was possible to depict the characters’ conditions and feelings with dynamic
textures on their bodies.

Even though great efforts in innovation and development were made for this
project, the display of technologies was never at the forefront. The exclusive aim
was to generate new ways of expression for the director and the actors. The
real-time generated, mask-based body projection was the first of its kind. Other
versions based on this principle are nowadays used e.g. in performances, ballets,
and operas.

4.3.3 Floating.Numbers (2004 Jewish Museum Berlin; 2005 Taiwan
National Museum of Fine Arts)

In 2004, the Jewish Museum Berlin housed an exhibition on the history and
meaning of numbers. ART+COM realized the central installation in this exhibi-
tion as a 9 meters long interactive table with thousands of numbers floating in a
continuum on its surface. Individual digits appear randomly at the surface of this
stream of numbers and, once touched by a visitor, surrender their secret in text,
pictures, films, and interactives. The significance of the numbers results from the
various perspectives of science, religion, art or one’s outlook on everyday life.
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For this installation, the table was consciously employed as an in- / output
interface. This everyday object is perceived as a place of communication, con-
versation and exchange of ideas. A common interface display of wall projection
(output) and interface in front of it (input) has the visitor interacting while
standing isolated, facing the wall. In contrast to this, users interacting with a
table while standing around it more often start communicating and exchanging
what they have only just discovered and learned (Fig. 4.7).

Fig. 4.7. Floating.numbers, 2004 Berlin

The interaction concept was deliberately kept extremely simple. The table
surface is made sensitive with capacitive sensors installed below it. Simply touch-
ing one of the numbers projected onto this surface will trigger a predetermined
animation.

The content projected onto the table was computationally designed and gen-
erated in real-time. It was created so as to let the visitor think that this was an
autonomous, behavioral system. All numbers floating on the table are so-called
typobots (type-robots) with specific behavior (move along the different currents;
move forward, according to their length, like certain fish; move in the direction
of attractors; etc.). The reason to install the system in this way was the assump-
tion, later on confirmed, that visitors would rather interact with an assumedly
autonomous, behavioral system than with one not behaviorally designed.

This project was the first table installation based on capacitive sensors, and
its concept was re-used by ART+COM and others in all kinds of contexts and
implementations. One of the advanced developments by ART+COM of this, e.g.,
was a space taking installation for the O2 Flagship store in Munich: A projected
strip fitted with capacitive sensors goes from floor (interaction by steps), over
a table (touch interaction), back over the floor to a wall and up to the ceiling
(Fig. 4.8).
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Fig. 4.8. O2 Flagship Store, 2005 Munich

4.3.4 Duality (2007 Tokyo)

For a new development in the centre of Tokyo, ART+COM was commissioned
with an “Art in Public Space” installation in 2006. Our own claim was to design
an interactive installation that responds to its location and helps build its iden-
tity. Our choice of location in the whole of the newly developed area fell on the
interface between a path and a neighboring artificial pond. This interface be-
tween “liquid” (water) and “solid” (land) was thematically used and augmented
by the question of “real” (water ripples) and “virtual” (artificial light waves).

On the path, a 6 x 6 meter white monochrome LED plane was installed and
covered with a sand-blasted, opal glass, thus made accessible to passers-by. In
the glass-tiles, there are weight sensors measuring the exact position and power
of steps. They trigger corresponding virtual waves on the LED plane. When
these virtual waves reach the pond’s border, they are extended into the water
by precisely piloted solenoid actuators (Fig. 4.9).

In contrast to the above mentioned projects, “Duality” does not act as an
informational system but is a poetic and multilayered installation giving identity
to its location.

Interactive installations in city space demand a different approach and en-
tail other challenges then indoor installations. The latter are related to spaces
like museums which in themselves already filter a certain audience. Exhibition
visitors go there deliberately, open towards the show and often with a certain
previous knowledge. In public space, however, this filter does not exist. Also
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Fig. 4.9. Duality, 2007 Tokyo

medially illiterate people will find themselves facing the installation. Interfaces
and interaction principles have to be adequate to this situation. It is judicious
to work with the interplay between reactivity (the system simply reacts to the
passer-by) and interactivity (the passer-by has incidentally understood the prin-
ciple and actively plays with the system). An important additional challenge is
to make the installation endurable, weather proof and safe from vandalism.

4.4 Innovation Is Substituted by Quality!

The 1990s were the decade of interfaces. Unfortunately, again and again projects
were acknowledge in the media, curated, or awarded prices only because of their
innovative and fascinating interface technologies. The content conveyed by them
was often seen as secondary. This has changed fundamentally in the current
decade: The “new” medium has matured. Today, interactive applications, in-
stallation and environments are judged because of the quality of their concept
and design, the quality of experiences they evoke, the information mediated by
them, and their utility.

Today, you no longer talk about a handle as an interface to a cup (and the
incorporation of content this involves), but you talk about the formal and func-
tional qualities of the cup as a whole. Nevertheless, lots remain to be discovered,
researched and designed on the level of handles in the realm of new media tech-
nologies and their everyday application.
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Abstract. This article describes the evolution of interactivity in the media arts ranging from 
immersive virtual reality to intuitive interfaces for real-time installations, to online archives and 
tools for knowledge discovery finally unfolding in networked environments for public space. 
This development is exemplified by the authors’ own works and compared with selected media 
art works in the field. 

5.1   Introduction 

The importance of the so-called new media for society appears to be so all embracing, 
that several theoreticians already talk about “the digital” [1] in the sense of an epoch. 
Here, above all, they mean the decade of the 1990s. “The digital” is a revolution, 
which will have global consequences. It will lead to worldwide-networked communi-
cation and production structures. The media theoretician Vilém Flusser saw in com-
puter supported communications the opportunity to free ourselves from traditional 
structures. “He searched for new possibilities for human cohabitation, not determined 
by abstract authorities, but by fast and efficient exchanges of knowledge; to form the 
relationship between the foreign and one’s own, so that the homeless and the stranger 
are respected in their dignity. That can happen with the help of the new media.” 1 

Our understanding of computers changed in the 20th century. We first saw them as 
codeable calculating machines, then as functional tools, then as interactive and “artifi-
cially intelligent” information, communication and production medium. From the end 
of the 1980s, media artists have worked with the phenomenon – interactivity, “ Never 
before was it possible to operate within the thoughts of others”, commented Derrick 
de Kerckhove, the media theoretician, on one of the first interactive virtual environ-
ments.2 Nietzsche analysed the way “pen and ink” affect our thoughts. Kleist said that 
                                                           
1  As quoted by Nils Röller, who oversaw in 2001 the “Flusser Archive” at the “Kunsthochschule 

für Medien” [Art College for Media Studies] in Cologne, and who wrote an essay for the 10th 
anniversary of Flusser’s death – “Vilém Flusser: Medientheorie mit ethischen Anspruch” 
[Vilém Flusser: Media theory with ethical pretentions]. 

2 Derrick de Kerckhove in discussion with Fleischmann & Strauss following the lecture “Vir-
tual Walk Through Berlin – Visiting A Virtual Museum” by Monika Fleischmann at the 
Imagina 1992 in Monte Carlo, Monaco. 
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language and one’s counterparts are responsible for the step-by-step manufacture of 
thought during speech. Similarly, de Kerkhove was convinced that our consciousness 
is formed by the materialising of our imagination and its translation into algorithms, 
and that therefore interactive media shape our thoughts.  

As artists we translate this subject matter into virtual mental spaces, into reflection 
metaphors and interfaces, which touch a nerve because they remind us of well-known 
archetypes. Our projects, “Liquid Views”3 and “Rigid Waves”4 (1992/93), in which 
we made associations with the mirror stories by Ovid and Lewis Caroll, show this 
most clearly. Only the digital medium offers the possibility of the reversible, which 
assimilates human thinking and plays it back as calculated thoughts. This reflection 
arises through interactivity. It opens a framework of action, which changes the status 
of the work and allows the creation of new knowledge. The interface is the key.  

5.2   The Cultural Discourse 

The international competition for media art, the “Prix Ars Electronica”, introduced in 
1990 the category “interactive art”. In that year, the first work to receive the golden 
Nica was “Videoplace” by Myron W. Krueger and Katrin Hinrichsen.5 This installa-
tion highlights the relationship between people and machines in its aesthetic, rather 
than its technical dimensions. “Videoplace” aimed to elevate interactivity itself to an 
artistic medium. In the following years, interactivity became the lynchpin of Ars Elec-
tronica. However, it took nearly 10 years, before traditional arts and humanities  
became interested in the phenomenon – interactivity, which embraces code, network, 
interface design and technology.  

A cross-disciplinary discourse began at the end of the 1990s. Sibylle Krämer 
(1998), Professor of Philosophy, proposed that we talk of interactivity instead of in-
teraction between people and machines. “When one speaks of “new media” then we 
are talking about this text, image and sound simulating networked computer.” [2]  
[…] “Digitisation, virtualisation and interactivity are therefore those phenomena, 
which we must study, when we see the computer within the perspective of a media. 
The media concept, which lets such a perspective be accentuated, moves away from 
the idea, that media just serves to communicate messages. […]. Media bring across 
not only messages, but unfold an operating power, which influences the modalities of 
our thought, perception, experience, memory and communication.” [3] Whilst Krämer 
puts this essential phenomena as the focus of her considerations, the artist and theore-
tician Lev Manovich, looked for further categories and proposed a code oriented  
definition for new media: „Rather than focusing on familiar categories such as inter-
activity or hypermedia, suggest a different list. This list reduces all principles of new 
media to five – numerical representation, modularity, automation, variability, and 
cultural transcoding.“ [4]   

Since the late 1980s, teams of artists, designers, information technologists and 
theoreticians have established interactive media art. With self-developed participative 
                                                           
3 <http://netzspannung.org/database/liquid-views/en> Rev. 2007-06-17. 
4 <http://netzspannung.org/database/rigid-waves/en> Rev. 2007-06-17. 
5 <http://www.aec.at/de/archives/center_projekt_ausgabe.asp?iProjectID=11224> Rev. 2007-

06-17. 
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tools – the interfaces – they have tested the possibilities of interaction between people 
and machines.6 However, as late as 2004, the Jury of “Ars Electronica” saw no theme 
focus in the concept of interactivity. In 2004 a prize was awarded to “Listening Post” 
by Ben Rubin and Mark Hansen. This installation made Internet communication  
observable and audible, but it was not interactive. The Jury statement indicated that 
interactivity was no longer a premise. With that, the definition of the category “inter-
active art” changed significantly.7  

The media archaeologist, Erkki Huhtamo described this change as a crisis in inter-
active art. In his essay “Trouble at the Interface”8, he proposed, either to do away with 
interactivity, or to introduce a new category for projects such as “Listening Post”, 
such as for example “database aesthetics”. Although only fragmentarily researched, 
interactivity no longer stood at the focus of attention. With Web 2.0 and the possibili-
ties it offers for active participation, interactivity has now become part of everyday 
experience. 

5.3   Interactivity as Aesthetic Experience 

Notwithstanding, interactive structures remain the basic principle of digital media. 
Visitors should be in a position to relocate and to challenge themselves to the interac-
tive projects to make an experience that moves over and beyond the usual contempla-
tive observation of a work of art. Clearly, the projects should not only bring the  
visitors’ bodies, but also their thoughts into motion. Erkki Huhtamo described the 
challenge “please touch” as the corner stone of the interactive art aesthetic, an echo of 
Marcel Duchamp’s “Prière de toucher”.9 Touching an interactive work is not only 
allowed, but necessary. Whether with mouse, trackball, touch screen, tangible objects, 
video camera, responsive workbench, virtual balance, the touch less PointScreen [5]  
or other interfaces10, the observer first brings the process into motion. This is very 

                                                           
6    Such teams include: Art & Technology Labs such as “Art+Com”, the „Future Lab” of “Ars 

Electronica”, the Fraunhofer MARS – Exploratory Media Lab, the Dutch “V2” as well as 
“De Waag”, the Polish “WRO”, the Hungarian “C3”, the Indian “Sarai Media Lab”, 
“Videotage” in Hong Kong amongst others. 

7   Interactivity would from now on be interpreted and extended, so that 1. Computer are no 
longer a precondition, 2. the borders between real time and direct interaction would be re-
laxed and 3. the concept of passive interaction should be allowed. Therefore, active partici-
pation was no longer demanded as a necessary component of the category “interactive art”.  

     http://www.aec.at/de/archives/prix_archive/prixJuryStatement.asp?iProjectID=12807 
     Rev.    2007-06-17. 
8   Huhtamo, Erkki: Trouble at the Interface or the Identity Crises of Interactive Art. Revised 

version of an essay first published in Framework, The Finnish Art Review, 2/2004 
<http://www.mediaarthistory.org/Programmatic%20key%20texts/pdfs/Huhtamo.pdf> Rev. 
2007-06-17. 

9   Duchamp’s text in the exhibition catalogue of the Surrealists from 1947, was designed by 
him, on the wrapper of a foam rubber breast. Media artist Ken Feingold, alludes to 
Duchamp with the installation “The Surprising Spiral (1991). The name “Pierre de Toucher” 
was given  as author for his “book”. See Huhtamo 2004.  

10 The interactive projects of the MARS Lab and its interface inventions are documented at 
netzspannung.org. http://netzspannung.org/about/mars/projects Rev. 2007-06-17. 
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different to the appreciation of a traditional work of art. Simon Penny differentiates 
the difference in perception as follows: “A painting is an instance of representation. A 
film is a sequence of representations. Interactive artworks are not instances of repre-
sentation, they are virtual machines which themselves produce instances of represen-
tation based on real time inputs.” [6] 

Duchamp and others already discussed the active participant11 in the first half of 
the 20th century, and so a new dimension of reversible works was introduced. In addi-
tion to the mental reception and bodily activities of observers, came a level relating to 
other visualised perceptions and processes. [7] The levels of activity and reception 
overlay each other. Those doing the interacting, influenced to a certain degree the 
appearance and therefore also the object of their aesthetic experience. Interactive art 
creates a situation or an environment, which the observer confronts, and through 
which they enjoy an experience, which arises only first out of the participatory proc-
ess itself. It is this, repeatable, process, which first gives the work its distinguishable 
identity. Interactive art thus means, the experimental exploration of artwork and 
tool.12 Interactive art is artistic research and interactivity an aesthetic experience. 

Reviewing the history of media art, Söke Dinkla reflected on the concept of 
“knowledge arts”, to which we devoted our exhibition in 2006 in the “Neues Museum 
Weserburg”, Bremen13. “It’s not about just one, but different forms of the arts. The 
plural “arts” qualifies our understanding of art, but at the same time extends it. … 
“Knowledge arts” – in the 1990s we described them somewhat more categorically, 
but also less openly as media art – are the result of the many coups, which visual arts 
in the course of the 20th century had undertaken.”14 Interactive concepts are based on 
an altercation with forms of human interaction, with communication technologies and 
with the possibilities of networked activity. Artistic practice creates situations, which 
encourage forms of communication and interaction, and in this way it changes the 
modes of coming-into-contact-with-one-another. Participants can extend the possibili-
ties of interpersonal exchanges. We find ourselves today in a culture of active partici-
pants, of interactivity, in which the digital media “become identity giving machines. 
Thus the current challenge is to comprehend digital media as cultural technology,” as 
Söke Dinkla points out. [8] 

                                                           
11 Walter Benjamin and Berthold Brecht in the 1920s, with the advent of radio, also bemoaned 

the poor programming, which the National Socialists, above all misused for propaganda pur-
poses. They made proposals on the possibility of new formats being experimented with, and 
in Brecht’s “radio theory” the participation of the listener is schematised: listeners should be 
made into participants. 

12 We called the results of our experiments in the EU project eRENA, [electronic areas in art 
and entertainment, in which the MARS Lab, the ZKM, Nottingham and Stockholm, 
Lausanne and Geneva Universities, as well as Illuminations London took part],  „Tools for 
the arts of tomorrow“. <http://www.erena.kth.se/> Rev. 2007-06-17. 

13 Monika Fleischmann & Wolfgang Strauss, Wissenskünste aus der eCulture Factory. An ex-
hibi-tion in Neues Museum Weserburg Bremen. 5.October-3.November 2006 
<http://eculturefactory.de/wissenskuenste> Rev. 2007-06-17. 

14 Dinkla, Dr. Söke: Von der Medienkunst zur Wissenskunst. Zur Ausstellung „Wissenskünste 
aus der eCulture Factory“ von Fleischmann & Strauss. Shown at eCulture Factory: 
<http://www.eculturefactory.de/eculturetrends/download/dinkla.pdf > Rev. 2007-06-17. 
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5.4   Interactive Media Art as Aesthetic Laboratory 

Media artists explore the culture of active participants and with it the aesthetic poten-
tial of interactive art, process-related image worlds and generative processes. The 
Fundamental questions of media art are: the organisation and structuring of data and 
information; the orientation and navigation in virtual space; questions relating to in-
terface and interactivity processes; and additionally, telepresence and immersion. 
Artistic research on digital media, functions as an aesthetic laboratory for societal 
development. In so far as future forms of communication can be anticipated, interac-
tive art – rather unwillingly – becomes a driver of innovation, and positions itself 
between everyday, scientific and artistic experience.  

At the beginning of the 1990s, media artists were working often in scientific re-
search institutes with advanced virtual reality technology and were searching for  
extended and networked domains, telepresence and artificial life. By means of per-
formance, sculpture, installation or environment they stage interactive projects and 
communicate playfully complex topics to the public. Expansive interactive environ-
ments were created, such as “The Legible City”, 1991, by Jeffrey Shaw, where cyc-
list-visitors pursue various narrative threads on their passage through the virtual city; 
“Terrain 01” 1993 by Ulrike Gabriel, where robots are equipped with photocells re-
acting on light that is controlled by participants’ brain waves activity; and “A-Volve”, 
1994 by Christa Sommerer & Laurent Mignonneau, where visitors can create artificial 
creatures and follow the artificial live process. They prove so far unknown forms of 
communication.  

The art theoretician Oliver Grau describes the networked and interactive media art 
installation “Home of the Brain”15 1992 by Monika Fleischmann & Wolfgang Strauss, 
as media theory put into practice and new mnemonic theatre that anticipated the form 
of communication with networks. Grau writes: “Home of the Brain” already in 1991 
was an early appearance of the epistemic innovation telepresence. As a consequence, 
the reception of the work of art lost its fixed position. The observers do not go to the 
artwork, panel, panorama, cinema film etc, the work however does not come solely to 
them.”16 

In “Home of the Brain” the visitor navigates with a data glove through digital 
rooms that are made visible with data glasses. Hand movements activate the citations 
of four scientists, who play an important role in the theoretical formation of media 
culture. They are represented by their individual thought buildings: Joseph 
Weizenbaum has the House of Hope, Marvin Minsky, the House of Utopia, Paul 
Virilio, the House of Catastrophe and Vilém Flusser, the House of Adventure. The 
work was designed, at the beginning of the 1990s, to give new impetus to a media 
discourse enshrouded by technophobia. The media theoretician Claudia Giannetti 
endorsed the “interdisciplinary nature” of media art, “which extends far further than 
 

                                                           
15 "Home of the Brain" (1990-92) by Fleischmann & Strauss was developed in the context of 

their project:  Berlin, Cyber City. It won the Golden Nica of Prix Ars Electronica 1992. 
<http://www.medienkunstnetz.de/works/home-of-the-brain> Rev. 2007-06-17. 

16  Grau, Oliver: Immersion und Interaktion. Vom Rundfresko zum interaktiven Bildraum. 2004  
 <http://www.medienkunstnetz.de/themen/medienkunst_im_ueberblick/immersion> Rev. 2007- 

     06-17. 
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Fig. 5.1. “Home of the Brain”, Virtual Reality Installation (1992) 

the already known considerations on the relationship of art to technology”.17 The 
multi-faceted nature of digital media, demands interdisciplinary thought and work 
structures that bridge the chasm between analogue and binary language – the chasm 
between art and ICT18 science. 

5.5   From Virtual to Real Space 

The question of how digital information can translate not only the metaphoric virtual, 
but also the physically real into accessible and understandable domains, marked the 
passage to media architecture. Here we understand an architecture, which connects 
people, space and data with one another. It creates an extended area of activity. The 
multi-user installation  “Murmuring Fields” (1998) adresses the overlaying of physi-
cal and data space, which embraces the body with imperceptible interfaces. The per-
formative sound installation is a recordable field of sound, managed by movement of 
the body.  

Digital information - sounds and figures – are located in the space as if the room 
were furnished with data. [9] Every movement of the body is captured with an optical 
body-track-technique.19 Movement is transferred from real space into data space, and 
translated into a sound collage. Spoken texts are broken up into words and syllables. 
Movement in space creates movement in the text. Two interactors produce text sam-
ples by Joseph Weizenbaum, Marvin Minsky, Vilém Flusser and Paul Virilio. “Poli-
tic-tic-tic”, says Flusser’s voice as a performer bows backwards and forwards and 
thus interprets a part of the text: “Youngsters at the terminals; they turn their backs to 
politics and turn to each other.”20 The dancer starts up syllables with her body and 
forms speech. She plays with the meaning of the concepts. Text is translated into a 
texture of sound and movement. 

The concept of accessible knowledge space has its correspondence in the concepts 
of David Rokeby. With “Very Nervous System” (1982) he schematised interactivity, 
 

                                                           
17 Claudia Giannetti: Ästhetische Paradigmen der Medienkunst. In: Medien Kunst Netz. 2004 

<http://www.medienkunstnetz.de/themen/aesthetik_des_digitalen/aesthetische_paradigmen/s
croll> Rev. 2007-06-17. 

18 ICT = Information and Communications Technology. 
19 Body-Track is part of the eMuse-Systems, which were developed as production system for 

``Murmuring Fields“. In: W. Strauss, M. Fleischmann: Imagine space fused with data. In: 
Cast01 Proc.2001. <http://netzspannung.org/version1/cast01/proceedings/index.html> Rev. 
2007-06-17. 

20 Sentences from an interview with Vilém Flusser in 1990 in Austrian television are built into 
the sound collage. 
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Fig. 5.2. Assembling the interactive stage: “Murmuring Fields” (1998/99) 

with the aim of putting computers and people into an intuitive, bodily, expansive and 
intimate relationship.21 Whilst Rockeby focuses on audiovisual interaction, we deal 
with the communication of the participant and the acquisition of knowledge. Both 
activities start with the premise of sensory perception. Knowledge here is not acquired 
by reading, but through the body. The theorist of cognition George Lakoff, empha-
sized again and again the importance of the body and its entity for thought processes. 
Sensory experience and reflection combine together in “sensory thinking of the 
body”, he wrote. [10] The psychoanalyst Maurice Merleau-Ponty described the body 
as the centre of the spatially and temporally mediated world. For him, thinking is 

                                                           
21 Very Nervous System is one of the first audiovisual interaction systems, that was introduced 

variably into installations. In the system, a computer analysed the image created by a video 
camera in motion. The result is an interactive space, in which those interacting use their bod-
ies as the active element of the interface. <http://www.medienkunstnetz.de/werke/very-
nervous-system> Rev. 2007-06-17. 
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based on experience, which arises from bodily perception connecting to everyday 
activity. Oliver Grau determined, that with “Murmuring Fields” a new type of space 
of mind was created.22 

5.6   Knowledge Art as Cultural Technology 

Interactive knowledge structures and digital archives are current themes in media art 
research.23 Under the title “Explore Information – Create Knowledge”24 projects are 
presented on the media art platform netzspannung.org, which concern themselves 
with the structuring of unmanageable amounts of information. The online archive 
netzspannung.org also offers ever more amounts of information material concerning 
the theme digital culture.25 To find one’s way around the over 1.500 lectures,  
workshops, study series, scientific texts and artistic projects of the online database, 
innovative visualising tools have been developed for accessing the digital archives. 
Fundamentally, there are two different types of access to electronic data: the “precise” 
search and the “imprecise” browsing.  

The search presupposes that users know what they are looking for, that they can 
formulate their interests and, where necessary, can be more precise. Browsing, on the 
other hand, involves the user being inspired and prodded by that, which is offered. In 
the article “As we may think”26 (1945), the American scientist Vannevar Bush already 
bemoaned that the problematic relating to the selection of information was located in 
the artificiality of its indexing systems. Data in archives were filed alphabetically or 
numerically. Information, if at all, could only be retrieved by sifting through, index 
for index. He observed, “The human mind does not work that way. It operates by 
association. With one item in its grasp, it snaps instantly to the next that is suggested 
by the association of thoughts, in accordance with some intricate web of trails carried 
by the cells of the brain.”27 Bush called for a new relationship between the thinking 
person and the sum of our knowledge. He proposed mechanising the selection of 
information using association – and not indexing. The idea of an associative net of 
concepts is also fundamental to the concept of  “Knowledge Discovery Tools” of the 
netzspannung.org.28 

                                                           
22 Oliver Grau. Integrating Media Art into our Culture. Art History as Image Science. 
     <http://www2.hu-berlin.de/grau/Grau.pdf> Rev. 2007-06-17. 
23 Thomas Goldstrasz: „Suchmaschinen – Sechs Kunstwerke und eine Suche zum Thema 

suchen - speichern – suchen lassen“. In: <http://netzspannung.org/media-art/publications/ 
digital-transformations/search-engines/> Rev. 2007-06-17. 

24
 Wolfgang Strauss; Nina Zschocke: Explore Information / Create Knowledge. <http:// 

netzspannung.org/media-art/explore-information/> Rev. 2007-06-17. 
25 From the beginning of 2001 netzspannung.org has recorded an ever-growing number of 

users. In  2007 the daily average figure is 3.300 and more that 100.000 visits per month.  
26 Vannevar Bush - As We May Think - The Atlantic Monthly,1945. Published in the Journal 

'Form Diskurs', Nr. 2, I/1997, pp 136-147. <http://wwwcs.upb.de/~winkler/bush_d.html> 
Rev. 2007-06-17. 

27 Ibid. 
28 <http://netzspannung.org/about/tools/> Rev. 2007-06-17. 
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5.6.1   Navigational Map for the Data Domain 

With the “Semantic Map”, we developed a navigational tool for the digital data do-
main. It shows all the documents of the archive, organised into self-organising clus-
ters. So, for example, a cluster with the label “virtual” includes all documents that 
discuss this theme. The first step is to identify the cluster labels, that is the genre 
terms, by comparing them with a list of keywords. This is done by an automated text 
analysis of the database entries. Then the relevant documents are assigned to the clus-
ters. In the next step, semantic relationships between individual database entries are 
computed. According to these textual relationships, the individual database entries are 
sorted relationally to one another within the cluster, whereby the distance, one from 
the other corresponds to the relevance of their respective contents. [11] If the docu-
ments are close to one another, there is a textual relationship. On selection, a short 
description appears in a second window. In further zoom stages; the map is changed 
from a text based to a visual design. 

As soon as new documents are entered into the archive, they integrate themselves 
according to an automatic text analysis. The archive is therefore not “stipulated” but 
because the documents “have knowledge of each other” they can automatically  
re-order themselves. With the “Semantic Map”, hidden connections within the data 
stock are computed and visualised. A self-organising neuronal network is deployed 
for the computation of the data and the automatic graphic arrangement in the map, 
which is named “Kohonen Map”29 after its inventor. The semantic knowledge map is 
prototype visual search and find machine. 

 

Fig. 5.3. “Semantic Map”: Dynamic zooming from simultaneous overview to detail (2001-04) 

5.6.2   The Archive Domain of Netzspannung.org 

The difficulty of orientation in online archives is due to contents only being viewable on 
hundreds of individual web sites. One is always looking for new methods of exhibiting 
and mediating information. Since 2006 we presented the numerous database entries of 
netzspannung.org, as publicly accessible archive, in the context of an exhibition.30 Two 

                                                           
29 Teuvo Kohonen, Dr. Eng., Emeritus Professor of the Academy of Finland 

<http://www.cis.hut.fi/research/som-research/teuvo.html> Rev. 2007-06-17. 
30 Several installations of Fleischmann & Strauss were shown in the exhibition „Kunst-

Computer-Werke“ [Art-Computer-Work] in the „Zentrum für Kunst- und Medientechnolo-
gie (ZKM) [Centre for Art and Media Technology] in May 2006 and until January 2009 in 
“YOU_ser – the century of the consumer” <http://www02.zkm.de/youser/> .2008-01-15. 
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installations show how digital information can be spatially staged. “Matrix” [12] with 
the “PointScreen” Interface and “Medienfluss” (Media Flow), offer a complete over-
view of the online archive, which allows a dynamic switch of criterion, from detailed 
overview, down to the individual artwork. Both applications can reach back to data, 
which is saved in the online archive. They are exported via an XML gateway and  
presented audio-visually as an installation in physical space. 

Interfaces were sought out, which make clicking around on websites dispensable. It 
is always the same problem with online archives: how can great masses of informa-
tion be structured, so that everyone can easily find what they are looking for? What 
can one offer an audience that enjoys playing with the modern media, and in the  
process wants to gain experience and to learn something? 

The “Medienfluss”31 [Media Flow] is an interface, which transmits an immediate 
impression of the contents and number of documents in the online archive. Two paral-
lel media flows of images and words, stream as large format date projections through 
the room. The flow of words shows keywords, authors and titles of the archived 
documents. Text-based access is complemented by visual access. The images repre-
sent respectively an archive entry. The terms are spoken out by a computer voice 
using text-to-speech processing. The “Medienfluss” creates an atmospheric image and 
sound domain. A touch screen translates the flowing images into scrollable text 
bands, serving as an index for specific searching. On selecting a term or image, the 
relevant document is visually highlighted and presented in detail in the form of text, 
image or video. While the active user is immersed in detail, observers on site can 
follow the process of selection and display of the archive. Medienfluss [Media Flow]  
is a living database. 

With the “Matrix”32 a browser was developed for exploring large stocks of data, 
which in combination with the gesture based PointScreen technology33 can be  
implemented as a room installation. The interface takes up the “Matrix” theme34 of 
the non-finite classification system. Each field of the “Matrix”, using an image icon, 
represents a media project. A virtual lens is steered, contact-free, over the “Matrix”. 
On rollover, the lens enlarges the image contents and, in addition, shows author and 
title of the respective project. The selected image enlarges itself and also shows a 
video on the project. The “Matrix” offers museums and archives the possibility, in 
compressed form, of accommodating a greater part, or even their complete, inventory. 
It also provides a tool for detailed examination. The “Matrix” supports overview 
browsing, whilst the lens offers a dynamic insight into the detail.  
                                                           
31  <http://www.eculturefactory.de/medienfluss> Rev. 2007-06-17. 
32  <http://eculturefactory.de/digital-sparks-matrix> Rev. 2007-06-17. 
33 With PointScreen technology one accesses a novel navigational medium, which allows a 

contact free, gesture-based interaction. PointScreen was developed at the MARS – Explora-
tory Media Lab of the Fraunhofer IAIS (former IMK) by Wolfgang Strauss, Monika 
Fleischmann, Yinlin Li. The PointScreen Technology is based on so-called “Electric Field 
Sensing” (EFS) and uses the human electrostatic field to control interactive applications. US-
patent number is 7,312,788. The title of the patent is: Gesture-based input for a user interface 
of a computer (ECCO). See References: Strauss, W. et al: Information Jukebox ... [5]   

34 In Mathematics, the matrix (plural matrices) is an arrangement of numerical values in tabular 
form. One speaks of columns and lines of the matrix and describes that also as (line and col-
umn) vectors. The objects, arranged in the matrix one calls components or elements of the 
matrix.  
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Fig. 5.4. “Medienfluss” [Media Flow] as a visual interface (2006) 

Browsing the “Matrix” occurs by touchless interaction. The “PointScreen”35 allows 
to control digital objects on a screen just by body movement and energy like the Chi-
nese Qigong, and it represents a new interface paradigm. PointScreen provides access 
to any digital system just by the move of the user’s hand. Unlike touch-screens there 
is no need to get in contact with any surface. The person in front of the interface con-
trols or manipulates the application by natural hand gestures, even from a meter’s 
distance. It literally seems like magic and reminds of what can be seen in science-
fiction movies such as minority report. The basic principle of PointScreen technology 
is the sensing of electric fields. People that engage with the system enter an electro-
static field that is established by emitting antennas. The person’s body modifies this 
field, varying with his movement. These disturbancies are measured by the 
PointScreen antennas and mapped onto cursor coordinates. Hand and body gestures 
are tracked in the three dimensional space between the user and the screen and are 
interpreted to control the digital system. The PointScreen research and development 
was inspired by the Theremin, one of the first electric musical instruments. It gave us 
the idea of the virtual window control by movement and gesture. If there is nothing to 
touch interaction gets more direct and intuitive.    

 

Fig. 5.5. The “Matrix” with “PointScreen” technology (2005 / 2003) 

                                                           
35 <http://netzspannung.org/database/pointscreen/> Rev. 2007-06-17. 
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5.7   Interactive Art in the Public Domain 

Together with knowledge media, the public domain is a current theme of media art. 
Interventions in the public domain are able to make a wider public aware of the cur-
rent state of research in experimental media and Internet art. Since the middle of the 
1990s, activists and artists have had great hopes of the Internet as “public domain” 
and means of democratisation. A series of town-like communities have developed 
since 1994, including “Digitalen Stad” [Digital Town] Amsterdam, and, in 1995, the 
“International Town” [International Town] Berlin in the then new World Wide Web. 
In the last few years, media façades and public spaces have become popular sites for 
media art. One is talking here mostly about participative projects, staged temporally 
in public urban space. One can observe and accompany such actions in public places, 
but also actively take part.  In this way, the digital is situated, appreciated and  
discussed in the public domain. 

The “Chaos Computer Club” in 2001 on its 20th foundation day, supplied an enthu-
siastic public with online tools for creating animations, which could be sent by email 
and projected onto a house façade – the “Haus des Lehrers [Teachers’ House] in  
Berlin. Using mobile phone and special software, the façade became a media skin. 
The installation “Blinkenlights”36 ran for five months and has found many imitators. 
The project opened a series of interactive façade projects, in which participants can  
contribute their own contents.  

Likewise in 2001, Rafael Lozano-Hemmer presented with his “Body Movies”37, 
and his concept of “relational architecture”, another format to involve the public and 
public space. This installation also used the façade of a building as screen and access 
to information. Here though, people and their shadows become actors in a dramatic 
setting. Virtual passers-by, recorded in different towns and projected onto a house 
wall, integrate with shadows cast by real on-site passers by. Participation in a collec-
tive process transforms public spaces into places of public action.  

A similar effect is shown by the project “Energie-Passagen” [Energy-Passages].38 
The stroll though the daily news, schematises public and private interest in informa-
tion. Language is understood as intellectual energy, which shapes a city. “Energie-
Passagen” is a location-specific installation, which transforms the daily flow of news 
into an audio-visual data flow, staged as a media reading, performed in city space. 
Starting points are texts from a mass-media newspaper. An automatic technique con-
verts daily RSS Feeds, and analyses some 50.000 words of the current newspaper and 
reduces them to 500 most common keywords.  

These keywords appear as a large-screen projected flow of information in front of 
the “Literaturhaus” [House of Literature] in Munich. They are performed by an artifi-
cial computer voice. Passers by select terms over a microphone or touch screen. The 
computer voices react with a multi-voice echo to the selection. Simultaneously, the 
                                                           
36 <http://de.wikipedia.org/wiki/Projekt_Blinkenlights> Rev. 2007-06-17. 
37

 Projekte von Rafael Lozano-Hemmer <http://www.lozano-hemmer.com/eproyecto.html> 
    Rev. 2007-06-17. 
38 In 2003, Monika Fleischmann and Wolfgang Strauss were commissioned with the implemen-

tation of their concept “Energie-Passagen” in the context of the competition for the exhibi-
tion “Ortstermine – Kunst im Öffentlichen Raum”, Kulturamt [Cultural Department] of the 
city of Munich. <http://energie-passagen.de> Rev. 2007-06-17. 
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Fig. 5.6. The Energie-Passagen [Energy Passages]. Information flow shows computed keywords.  

 

Fig. 5.7. Energie-Passagen [Energy Passages]. Electronic Reading in front of the House of 
Literature Munich, Germany (2004) 

selected word appears in a concept grid of  “friendly” words. This text movement 
allows connections between the terms to emerge. The associative reading of the 
newspaper encourages one’s own thoughts. Through the selection of terms, the visitor 
“writes” a new newspaper. In the text montage, unexpected and new connections of 
meaning are created.  

New meanings and relationships, which till then did not exist, are created in inter-
action with the text, because readers have at their command individual patterns of 
perception and behaviour. In the information flow of  “Energie-Passagen” connected 
words build the site of the narrative. The process of reading becomes thought in ac-
tion, through the interaction. The text space itself becomes a browser for the “search 
as process”.  The curator Christiane Paul describes the installation as public perform-
ance: “„Energie-Passagen literally re-inscribes the passages of energy that inform our 
daily life onto the street, allowing the passers-by to ‘perform’ the events of the day in 
multiple semantic connections.”39 

                                                           
39 <http://www.energie-passagen.de/presse2_eng.html> Rev. 2007-06-17. 
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A computer based tool for associative reading was developed, that became an in-
formation browser, by means of automated keywording. It also makes a contribution 
towards the development of accessible data archives. The sensory and cognitively 
experienced city space becomes, through algorithms, an electronic reading garden. 
The motif of the flow is embedded in city space. A connected and reactive text and 
sound domain, becomes through the light of the projection, a directly perceptible 
urban media domain: a materialised newspaper archive, which is situated directly on 
the way. Media art in public space reaches out to more and different visitors than in a 
museum. A contrast to the newspaper browser in urban space is the Internet browser 
10 x10, which constantly refreshes, and presents the 100 most important news items 
from the whole world in an image matrix.40 The result shows a daily updated snapshot 
of the images and words of the world. 

5.8   Book Renaissance 

The idea of the Virtual Book has its origin in artists’ books. Our first example of a 
virtual book showed the electronic representation of the publication “Digitale Trans-
formationen” [Digital Transformations] and described in over 50 contributions from 
authors, media art projects from the 1960s till the 2004. [13] The publication serves, 
with its individual texts in PDF-format, as entry point for a multi media presentation. 
The interactive work, which is described here, demands the presentation in a time-
medium.  

The virtual book presents video, audio and hypertext linking, and is an extension of 
the traditional book. It can thus be read in different ways. It can be browsed and man-
aged, page for page, like a traditional physical book. Integrated into the virtual book 
are also hyper-textual navigation elements and multi-media components. The text is 
saved and indexed in a database. The book can be consulted, or searched chapter for 
chapter, according to keywords and terms, authors, images and videos, using a menu. 
The virtual browsing and the images, which metamorphose into video or animation, 
are impressing for the reader. The MP3 audio track, reads out the text using profes-
sional narrator voices, and at the same time, marks the relevant positions in the text..41 

The “Reading Table”42 presents another form of reading. Via a pneumatically con-
trolled table, a so-called “swing table” – text flows can be temporally manipulated by 
lying on hands, and bending the projection surface. In Masaki Fujihata’s “Beyond the 
Pages” (1995)43, the contents of his picture book are moveable. Images of objects 
such as stones or printed characters make sounds or are made to ring. Touching the 
image of a switch turns on the writing-table lamp, which as in the real world, sits on 
the table next to the virtual book. Touching the image of a doorknob opens the image 
 

                                                           
40 <http://www.tenbyten.org/10x10.html> Rev. 2007-06-17. 
41 The virtual book was first presented to the public at the Frankfurt Book Fair 2006 and the 

public reaction evaluated. <http://www.eculturefactory.de/virtual-book> Rev. 2007-06-17. 
42 Xerox Parc, Experiments in the future of reading. ACM 2001. <http://transliteracies.english. 
    ucsb.edu/post/research-project/research-clearinghouse-individual/research-reports/tilty-tables>  
    Rev. 2007-06-17. 
43 Masaki Fujihata, Beyond the Pages (1995) <http://on1.zkm.de/zkm/stories/storyreader$552> 

Rev. 2007-06-17. 
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Fig. 5.8. Virtual Book (2005) 

of a door, projected onto the wall, which unexpectedly opens. Fujihata tests the limits 
of the media book, in so far as he combines real and virtual space in a particularly 
amusing way. The book becomes an interface to the environment.  

5.9   Deep Storage 

Whilst in traditional art forms, packaging, stacking and storing were discovered as 
artistic form of expression, “the ever present digital date storage in the 1990s,” led to, 
“an artistic altercation with the freeing, or rather ousting of the human memory.” [14] 
The irritation increases over the loss of memory that is given over to machines the 
more knowledge can be relocated on hard drives. The machine today is not a single 
computer, but a global network of computers. The knowledge lost to individuals by 
relocation to this storage is gained through the compensations from the collective and 
the exchange. With the work presented, we ask questions of this digital storage, relat-
ing to knowledge, memory and recollection. Our work is an answer to the challenge 
of the ever-increasing mass media flood of information. Since 1990, our thematic foci 
regarding interactive media have shifted. [15] At first, questions of body, recollection 
and memory stood at centre stage. Afterwards, the increasing floods of information 
and the theme -knowledge as stored information-, took on a greater meaning.  

With ”Home of the Brain”, we reflected not only on the new medium, but the me-
dia discourse itself became an object of reflection.  The interactive participants were 
enclosed literally in the discursive environment, their field of vision filled in com-
pletely with a 360° illusionary immersion room. This isolated immersion, is extended 
in “Murmuring Fields” into a space of mind through dialogic forms of play with other 
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participants. The data room of the sound archive is played like an instrument using 
bodily actions, and so experienced bodily. The new experience is discovered through 
the joint play of the participants. The theme of  “Liquid Views” is the media related 
shaping of the body through the computer. In the mirror of this medium, the visual 
perception and recollection of the observer is addressed. Viewers become, at one and 
the same time their own observers.  

We use the digital media, as Söke Dinkla established, “in order to newly structure 
available knowledge, to make it sensorally accessible, and so to feed it into the  
discourse on media culture”. In much of the work of knowledge art, the contents 
communicated, are at least as important as the technology.  Sometimes, the form and 
content consort together. One starts with the desire for a specific form, which bit by 
bit fills with content. The media art platform netzspannung.org has developed in a 
similar way. “Frameworks, in other words a criterion of regulations and rules, were 
made available, which then could be filled by the media art community with content 
and individual contributions. Netzspannung.org is at one and the same time a forum 
and an online archive”.44 

Communication and presentation formats such as “Energie-Passagen” or “Medien-
fluss” were developed under the umbrella of knowledge arts. With the image motif of 
the river, static and passive masses of information are transformed and flow out of the 
archive and around the visitor. In as much as the data appears animated as flowing 
movement, it is transformed into a time-based medium and can take up a narrative 
function. The “Medienfluss” as interface, embodies the psychological meaning of the 
term “flow”.45  

By flow, we understand a sort of intellectual elation, which leads to thought flow, 
uncoupled from current reality.  Flow can be described as a state in which attentive-
ness, motivation and the environment come together in a form of productive harmony. 
Flow means, to forget time.46 Knowledge maps such as the “Semantic Map”, or “Ma-
trix” widen out information, side by side. Whilst the “Semantic Map” orders the  
spatial closeness of documents according to textual similarities, the “Matrix” incorpo-
rates the principle of serendipity. This term describes a co-incidental observation, 
something not originally sought out, which proves to be a new and surprising discov-
ery, such as, for example when surfing the Internet, one co-incidentally discovers 
useful information.  

The “Virtual Book” allows new work techniques such as collaborative writing and 
participative reading. Text in the virtual book becomes hypertext. The examples  
presented on the future of the book, highlight a spectrum of artistic and scientific 

                                                           
44 Söke Dinkla, Von der Medienkunst zur Wissenskunst. Einführung in die Ausstellung „Wis-

senskünste aus der eCulture Factory“ <http://eculturefactory.de/download/dinkla.pdf> Rev. 
2007-06-17. 

45 The term “flow” means the pleasure oriented feeling of a complete merging in an activity, a 
creative burst, or burst of activity. http://de.wikipedia.org/wiki/Flow_%28Psychologie%29. 

46 In 1975, the psychologist Mihaly Csikszentmihalyi described the „flow-experience“. He is 
though not the first to discover the concept, the writing of the educationalist Kurt Hahn 
(1908) with his extensive synonym on knowing “creative passion” and the doctor and educa-
tionalist Maria Montessori with “Polarisation der Aufmerksamkeit” (1909), describe the self-
forgotten, playful, explorative activity of children as separation from the environment and 
the concentrated turning towards a certain immediate activity. 
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research on the future of reading. Through the comments of the reader, furthermore, 
the complete reading process can be documented. Thus the text becomes starting 
point for online discussion, or serves as first basis for collaborative writing tech-
niques, such as the Surrealists in the 1920s described. In Cadavre Exquis, the Surreal-
ists developed a continuous game with folded paper, in which many people, one after 
the other, could create a sentence or a drawing, without anyone knowing about the 
previous stage. Breton argued, that in this way one could have access to an infallible 
means to turn off critical thinking and to create a free path for the metaphoric  
capabilities of the spirit.47  

The “Virtual Book” and its search profile, functions like glasses, through which the 
data domain can be contextually observed. Its surface is virtual, and is a window to 
the temporal space of textual connections.48 The idea of books as active knowledge 
structures, is inspired by Marvin Minsky’s provocative vision from the 1980s: “Can 
you imagine that they used to have libraries where the books didn't talk to each 
other?“ [16] Attaining such interactive structures will occupy quite a few generations 
of artists and scientists to come.  
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Abstract. Artists who are creating interactive systems have begun to look for new display 
formats for their interactive art systems. Modern architecture allows building facades to be-
come membranes for the display of interactive digital content. 

6.1   Introduction 

For 15 years we have produced interactive artworks that have focused on develop-
ment of human-computer interfaces for art. These projects have been mostly shown 
indoors in areas such as galleries, museums and other public places. Interfaces that we 
have developed include living plants. These were used for a work called “Interactive 
Plant Growing” [1] in 1992, and for “Eau de Jardin” at the House-of-Shiseido in To-
kyo in 2004, where users could interact with virtual plants on a screen through touch-
ing real plants. An example of this human to plant interaction is shown in Figure 6.1. 
We also used light as the interface in an interactive artwork called “Phototropy” from 
1995. Here users could interact and play with virtual insects by feeding or killing 
them using a flash light [2]. In 1999 we developed a multi-modal, multi-touch interac-
tive web browsing system called “Riding the Net” [3]. Users could generate images 
streamed from the Internet based on keywords recognized from their conversations 
and they could also touch these images on a multi-touch window. This principle was 
later extended to a full room, called “The Living Room” [4]. This had 4 large interac-
tive multi-touch walls, each of 6x5 meters. Users could touch and interact with key-
words projected onto the interactive walls, and thus browse the Internet using their 
body gestures. The keywords were derived from users conversations detected via a 
speech recognition system. An overview of our various interactive installations is 
given in literature [5]. 

These interactive systems as well as systems of colleague artists [6-10] have been 
designed for projection walls or screen settings. As display technology has become 
more affordable and projection quality has become more powerful even in daylight 
situations, artists and designers have brought their artistic skill into public space. They 
have started to use large buildings as display surfaces. We will give a brief overview 
of some artistic media facades and then introduce our interactive media facade called 
“Wissensgewächs”. This was developed in 2007 for Braunschweig in Germany. 
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Fig. 6.1. “Eau de Jardin” interactive installation at the House-of-Shiseido in Tokyo © 2004, 
Christa Sommerer and Laurent Mignonneau 

6.2   Interactive Media Facades 

One of the earliest interactive facades was built by Jean Nouvel for the Institute du 
Monde Arabe in Paris in 1988. Here mechanical elements, similar to zoom lenses, 
were arranged in geometric patterns and their opening and closing was controlled 
using the intensity of sunlight [11]. 

Another early example of media facade is the “Tower of Winds” [12] by the Japa-
nese architect Toyo Ito. This was built in Yokohama Japan in 1986. The tower in-
cludes an air conditioning cylinder surrounded by circular neon lights that can be 
switched on when the ventilators in the building are activated. This produces a beauti-
ful light pattern at night. Ito writes: “The Tower of Winds which I built a few years 
ago in front of Yokohama Station, Japan, embodied most efficiently the design of the 
winds. The tower is characterized in that it is installed admidst the neon lit downtown 
rather than in a museum. Although the tower which winks light similarly to other 
advertising neon lights is less spectacular, it is said to give an impression that the air 
around the tower is filtered and purified. That may be so because what I intended was 
not to cause a substance to emit light in the air but to make the air itself converted into 
the light.” [13] 
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Fig. 6.2. Christian Möller’s “Zeilgallery” interactive facade in Frankfurt 1992 

Another beautiful example of an early interactive media facade is the “Zeilgallery” 
[14] done by the German artist Christian Möller, and built in 1992 in Frankfurt. Here 
the facade of a shopping mall in the city center was covered with blue and yellow 
neon lights. These changed their pattern depending on the weather conditions. That is 
by using the wind and temperature data. The so called “Zeilgallery” facade is shown 
in Figure 6.2. 

During the 1998 Ars Electronica Festival in Linz Austria, Stadtwerkstadt which is 
an Austrian media art initiative, used the lit up windows of a large office building as 
pixels to create a large display. The project was called “ClickScape98” [15]. Partici-
pants could send simple grid designs through the Internet, and these images would 
then be transformed into a display of window lights inside the building which were 
switched On and Off. A result of one of these designs is shown in Figure 6.3. 

Very similar to this “ClickScape98” project is the “Blinkenlights” facade by the 
German media art association Chaos Computer Club. This project was developed for 
a large building in Alexanderplatz in Berlin 2001. As in the “ClickScape98” facade, 
here blinking neon lights inside the windows were used as pixels which could be 
switched on and off, to create a large display. In a similar way to “ClickScape98” 
participants could send designs through the Internet or use their mobile phones to 
send messages [16]. 
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Fig. 6.3. Stadtwerkstadt’s “ClickScape98” in Linz 1998. Foto: Norbert Artner. 

In 2001 the company Realities:United created “BIX” an interactive light- and me-
dia installation for the Kunsthaus Graz in Austria. A matrix of 930 fluorescent lamps 
was integrated into the acrylic glass facade of a biomorphic building structure. Each 
lamp’s brightness could be controlled individually. This allowed the display of im-
ages, short films and animations at a speed of 20 frames per second. As a result the 
surface of the building was transformed into a giant low resolution computer display 
[17]. 

In 2003 German artists and researchers Monika Fleischmann and Wolfgang Strauss 
developed a project they called “Energie-Passagen”, an interactive facade project for 
the Literaturhaus in Munich. Here passersby could see the daily flow of media news 
in the form of audio-visual data which was projected onto a large screen. It is de-
scribed in Chapter 5 in this book [18]. 

In 2005 the Dutch artist and architect group called NOX designed a special tower, 
called the “D-Tower,” a piece of architecture and sculpture which displays emotions 
by changing light patterns inside a sculptural tower. Inhabitants of the Dutch city 
Doetinchem, which is where the “D-Tower” is installed, could complete question-
naires that deal with daily emotions such as hate, love, happiness and fear. The tower 
then showed the emotions by the use of the four colors (red, green, blue and yellow). 
Neon lamps were used to illuminate the tower [19]. 

The facades described so far have mostly relied on neon lamps for illumination. An 
advance in display technology is the facade designed by UN Studio for the Korean 
Galleria Department Store in Seoul [20], 2004. Here the shopping mall’s exterior was 
covered with 4330 separate opaque glass discs. Each functioned as a pixel which was 
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lit from behind. The resulting surface used the whole building as a large display. 
Light patterns and some text could be displayed on the surface of the facade. 

In addition to using neon lights or glass elements lit from behind, LEDs have also 
been used as display elements for media facades. In 2006 the French luxury cosmetics 
brand Chanel opened new head quarters in the Tokyo Ginza district [21]. The Ameri-
can architect Peter Marino covered the whole 56-meter high facade with a curtain 
wall which contained 700,000 white LEDs. The resulting surface could display prere-
corded videos in black and white and in grayscale which promoted the Chanel brand 
and it also showed some abstract patterns. 

LED based media facades have become popular in the beginning of 2000. The 
costs for large-scale facades using this technique are still exorbitantly high. An artistic 
project using LED color modulation of red, green, yellow, blue and white lights on a 
large building facade was designed by the renowned artist James Turrell for the Ta-
karazuka University of Art and Design Osaka in Japan [22]. Here there is no apparent 
interaction with the environment. 

In 2005 the Austrian architect Michael Shamiyeh proposed to use the outer facade 
of the “Wissensturm” as a display surface for displaying images of a bookshelf inside 
the public library [23]. This caption would have shown the books the citizens of Linz 
have recently read. The display would have been done by using a 3x4 meters movable 
LED video display, mounted on rails on the outer surface of the building.  

In 2006, a hotel in Budapest, Hungary, known as the Lánchíd 19 Design Hotel 
commissioned two groups of graphic artists, photographers and fashion designers, to 
produce an interactive facade similar to that developed by Christian Möller in 1996. A 
 

 

Fig. 6.4. Christian Möller’s interactive facade on the Osaki Building Tokyo 2006 
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moveable accordion-like glass facade was developed, where the movement of the 
glass lamellas painted with tiny graphics, followed the speed of the Danube river and 
the general strength of the wind, measured through meteo-sensors installed on the top 
of the hotel [24].  

In 2006 the Uniqua Insurance Company built new headquarters in Vienna which 
was constructed with a double layered glass facade which had LED modules installed 
[25]. These modules were arranged as a helix that could display simple graphics and  
imagery designed by the artists Mader, Stublic and Wiermann. Like many of the other 
systems mentioned earlier, the display looked best at dawn. 

In the years 2006 and 2007 media artists who were experienced in interactive  
installations received commissions to produce large scale interactive facades. A well-
known American media artist, Bill Seaman, designed a partly interactive video con-
tent for the “T-Tower” of SK Telecom building in Seoul Korea. This uses LCD 
screens to display video images on a large ribbon of screens which surround the 
building [27].  

In 2006, Christian Möller, who already developed the “Zeilgallery” facade in 
Frankfurt Germany in 1992, designed an interactive facade project for a public build-
ing in Osaki Japan. Participants could see their video images projected onto the  
facades within large LCD screens (Figure 6.4). 

6.3   “Wissensgewächs” Interactive Media Facade 

In 2006 we, the authors of this paper, received a commission from the city of Braun-
schweig Germany to develop a special interactive facade for an exchange library in 
the center of Braunschweig. This was to form part of the “City of Science 2007” ini-
tiative that promoted Braunschweig’s importance as city of research. To make the 
“City of Science” more widely known to the general public and to promote science 
and research in general, the city council decided to built a glass house in the very city 
center. This is next to the Cathedral. This glass house had a café and an open library 
where citizens could borrow books in exchange for their own books. The intention is 
to promote the concept of knowledge exchange. To encourage citicens to participate 
in this open book exchange library, we were asked to design a special interactive 
facade. This was to encourage to enter the library.  

6.3.1   “Wissensgewächs” Concept 

We developed the concept of a visually growing facade that would reflect the visitors 
attention and interest and entice them into the building. We called this interactive facade 
“Wissensgewächs”, or the growth of knowledge. The intention is to arouse the pas-
serby’s attention and to come physically closer. The reward is a series of increasingly 
complex images on the screens. Images of virtual plants would grow on the screens as 
visitors approached. Each time the participants moved, the images would be different. 

6.3.2   System Set-up 

To do this work we collaborated with the architects KSP Engel und Zimmermann 
GmbH Braunschweig and Planning office of Assmann and Partners, Braunschweig. 
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Fig. 6.5. The glass house exchange library with integrated interactive facade “Wissensgewächs” © 
2007, Christa Sommerer and Laurent Mignonneau. City Center Braunschweig, Adjacent the 
Cathedral. 

The glass house was conceived as a cube of 6 x 6 x 6 meter, with one entrance door 
on the west side. It was made in stainless steel with 25 glass elements on each side. 
The height was about 1,3 meters from the ground. There are 5 large LCD screens, 
1.05 x 0.75 meters each. These were integrated around the building, so as to create a 
ribbon of 16 screens, see Figure 6.5. The west side had only one screen due to en-
trance door. 

Specially developed aluminum profiles and the integrated distance sensors were 
developed by Laurent Mignonneau. They were built into the framing of the glass 
elements. The sensors could detect the presence of and the distance to passersby 
within a range of  0.1 to 1.5 meters. A sketch of the relation between sensors and the 
screens is shown in Figure 6.6. 

6.3.3   User Interaction 

As passersby walk near the glass facade, the sensors detect their presence and dis-
tance to the screens. A special “Wissensgewächs” plant growth software developed 
by Mignonneau and Sommerer then interprets the distance and proximity of the 
passersby as growth parameters for the virtual plants on each screen. For example, 
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Fig. 6.6. Sensor profiles with integrated distance sensors above the LCD screen. These were 
developed for “Wissensgewächs” in 2007 by Laurent Mignonneau. 

 

Fig. 6.7. A user interacting with the interactive facade of “Wissensgewächs”  
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standing still would create one type of virtual plant on the screen and walking slowly 
would make this plant follow the participant on several of the screens. To trigger the 
growth of new types of plants users could walk away from the screen and then come 
back to it at a distance of less than 1.5 metres. Altogether this user generated data 
would create new types of plants on the screen resulting in a perpetually growing 
image scenery, as shown in Figures 6.7 and 6.8. 

 

 

Fig. 6.8. Screenshots of the “Wissensgewächs” plant growth triggered by the presence and move-
ments of a participant 

When several participants interacted with the facade, the multiple user interaction 
would become immediately visible as more plants begin to engulf the whole building. 
The amount of growth on the screens is thus directly linked to the degree of interac-
tion of the participants. In return this rewarded the participants with fuller and better 
images. This creates a positive feedback as other passersby would become curious 
and would also being attracted to participate. When there is no interaction the previ-
ously generated plants slowly fade towards the background of the screens. They leave 
traces and shadows so as to suggest that there has been some interaction. An example 
image of the pattern resulting from several users interacting with the facade is shown 
in Figure 6.9. 
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Fig. 6.9. An example of multiple user interaction with the interactive facade “Wissensgewächs” 
© 2007, Christa Sommerer and Laurent Mignonneau at the city center of Braunschweig 

6.3.4   User Feedback and Evaluation 

The general acceptance of the installation by the visitors was very high. The system 
was designed in such a way that it does not require any previous knowledge to par-
ticipate. A simple approach and presence were enough to become part of the interac-
tive installation. Designing an easy and intuitive access proved to be the right decision 
as the passerby usually had only a short attention span and needed to be attracted 
quickly to go towards the facade. The audience profile was very diverse. The audi-
ence ranged from experts who are used to media and computers, to people with no 
previous contact to art or media. Being situated nearby the main shopping area of 
Braunschweig which is one of the busiest places in the city, the fluctuation in the 
number of passersby was high. This allowed us to use the feedback between the  
passerby and the participants so as to attract greater interaction. 

After observing the participants for several days we concluded that the goal of at-
tracting the public’ attention has been achieved. We also received favorable feedback 
from the City of Braunschweig’s marketing department. They reported that public 
engagement with the glass house, the artwork and the exchange library was high. The 
“Wissensgewächs” interactive facade installation was installed in Braunschweig for 
about a year and was very successful. As a result it will be moved to the university 
campus of  the Technical University Braunschweig during 2008.  
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6.4   Conclusion 

To conclude, the concept of creating an interactive facade in a busy public space is a 
successful means of not only engaging the media art experts in the creation of interac-
tive content. It also allows the communication of art to a large and diversified  
audience who would not normally engage in such art forms [28]. 

Coming back to our initial observation that interactive art and interface design are 
now mature enough to be used in the public space on a large scale within cities and 
public buildings. We also report that the interactive facade “Wissensgewächs” opened 
a new space for artistic interventions. These bring art closer to the public and help 
eliminate borders between art and life by directly involving the audience into an  
interactive work of art [29]. 
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Abstract. Ubiquitous Content is an emerging genre that uses everyday and everywhere media 
as a platform for creative content.  This chapter covers key components for designing Ubiqui-
tous Content to achieve emotional and entertaining experience. 

7.1   Introduction 

We are in the midst of the digital revolution that will transform our society from the 
Industrial Society to the Creative Society.  In the Creative Society, personal and eve-
rywhere media will become important for interactive arts. Thus, the design for inter-
action of people, artifacts, and the environment contributes to the emotional and  
entertaining experience in everyday and everywhere media.   

Ubiquitous Content is an emerging genre that uses everyday and everywhere media 
as a platform for creative content.  Similar to the established content genres such as 
film, game, and music, Ubiquitous Content aims to move people’s emotion through 
content embedded in artifacts and environment in daily life.   

The vision and concept of Ambient Intelligence (or AmI in short) is built upon the 
environment that is responsive to the people’s activities.  AmI focuses on users and 
their experiences from natural interaction and context-aware systems.[9]  Ubiquitous 
Content shares the vision for technology in the future society with AmI researches, 
designing memorable experience is the goal of creativity in Ubiquitous Content. 

Ubiquitous Content is experienced in everyday life activities.  For example, furniture 
or kitchenware may be turned into an Ubiquitous Content by embedding smart technol-
ogy to add features that can respond to the context, as shown in Figure 7.1.  People will 
be entertained for a very short moment such as 10 seconds when one is interacting with 
household goods.  This snack sized entertaining experience in daily life opens up a new 
landscapes for media artists and designers as a genre for their creativities. 

Creating a magic is the key to designing emotional experience.  The magic be-
comes effective only when the trick is not obvious.  In interactive media art and  
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design, technology creates the trick.  Therefore, it is important to hide technology so 
that the user is not aware of the technology when experiencing the work.  

This chapter guides you through some key components for designing Ubiquitous 
Content to achieve emotional and entertaining experience: synesthetic interaction, 
body interaction, place interaction and ambient interaction.  With invisible computers 
embedded in real space, interaction design with faceless interfaces such as voice, 
gesture and person’s presence becomes mainstream.[5] 

 

Fig. 7.1. Kitchenware such as juice blender becomes affective and smart artifacts by embedding 
Ubiquitous Content platform “xtel” 

7.2   Synesthetic Interaction 

Synesthesia is a field of study regarding our senses. Many researches were made in 
Neuropsychology. The concept of synesthesia has been used by many artists. For 
example, a Russian composer Scriabin composed and performed a symphony that 
used an innovative keyboard instrument called “Luce” that Scriabin himself devised, 
in addition to the traditional musical instruments of orchestra. “Luce” transmits col-
ored lights instead of sound when keys are played.  The audience enjoyed the  
symphony by both listening to the musical performance and watching a huge screen 
constantly changing its color.   

Synesthetic interaction comes into play when content appeals to more than a single 
sense. If interaction design is effectively engages our five senses, it produces a deeper 
experience than an experience from a single sense. When people perceive information 
through different senses, the information is processed in our brain to merge as a uni-
fied stimulation. Therefore, synesthetic design should be investigated to be used  
effectively in Ubiquitous Content.   

7.2.1   “SUIRIN” 

SUIRIN (the content name comes from an ancient Japanese ball-shaped artifact called 
“ukidama” that is made of glass) is an interactive artwork of light and sound with 
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tactile interaction, as shown in Figure 7.2.[6]  Users can interact with SUIRIN by 
touching and fumbling the water in the container. Through this interaction, the 
ukidama, or glass balls, in the container generates sound through surround speakers. 
The sound itself sounds like an insect’s chirping, which in the Japanese culture repre-
sents a pleasing and comfortable sound – a “sound scenery”. In addition, from the fog 
that simmers out of the container with mysterious light, a first-hand experience of a 
magical real space is made possible through the content of SUIRIN.  The blue-green 
color, cold water, and the chirpy sound collectively induce the feeling of coolness and  
relaxing atmosphere. 

SUIRIN uses 4 microphones to pick up the sound of ukidama balls hitting the con-
tainner bowl.  The surround sound is processed by sophisticated FFT sound process-
ing to produce the cricket chirping sound.   

 

Fig. 7.2. “Suirin” integrates visual, auditory, olfactory and tactile senses to experience the work.  
The interaction of hand and water with ukidama glass balls creates a mysterious and soothing 
environment.   

7.3   Body Interaction 

Tangible User Interface and its interaction with everyday physical artifacts and envi-
ronments have successfully moved away from computing input devices such as key-
boards and mouse.[2]  To further move away, the body motion becomes the input in 
the notion of embodied interaction.[1]  It is important to design embodied interaction 
so that natural body movements can be used for input.   

7.3.1   “Clay Tone” 

Clay Tone is a playful sound generation instrument that uses clay as the input for creat-
ing sound, as shown in Figure 7.3.[10]  The user physically interacts with bodies of 
clay, where the shapes of freely deformable lumps, and the user's physical movements 
against them, can affect the manner in which sounds are generated from the system. 
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Fig. 7.3. “Clay Tone” detects the natural motion of clay playing action to generate sound 

 
Fig. 7.4. System diagram of “Clay Tone” 

By utilizing familiar materials as elements of manipulation, Clay Tone has achieved 
an intuitive body interaction.  Expression with clay is enjoyable and visual. Users can 
easily share or appreciate an image of a sound with another person. Through changing 
sounds dependent on the form and softness of clay, the user can experience a fusion 
of touch, sight, and hearing. 

Clay Tone senses color, shape, area and the force of kneading to control the mode 
of interaction, tone and pitch.  Clay Tone uses pressure sensors and a web camera to 
sense the body interaction of clay kneading, as illustrated in Figure 7.4.   

When the user plays with the green clay, the speed of kneading influences the 
sound. The faster the user squeezes, the higher the tone gets. Purple clay changes 
pitch. When the user spreads clay, pitch change. Big area of clay results in high pitch, 
and small clay area results in low pitch. The user can experience sound similar to the 
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cry of a creature. Blue clay changes rhythms. When the user kneads clay, the user 
hears the rhythm patterns. The rhythm patterns depend on where the user kneads clay 
on the board and the shapes of clay.   

7.4   Place Interaction 

Humans are rooted in the physical world regardless of how advanced the digital tech-
nology becomes to realize many forms of metaverse activities.  Interaction design 
needs to account for the connectivity between the physical and virtual worlds.[3] In 
Ubiquitous Content, the environment is used as an important component in designing 
the interactive work. Various sensors and pervasive computing will be embedded in the 
environment to have a smart, dynamic environment.[4]  People, artifacts and the  
environment mutually influence each other to create a very complex inter-relationship. 

Location-dependent interactive design can be accomplished by detecting the loca-
tion of the user.  The environment can therefore control what can be experienced in 
certain place.  Localization and inter-connection of localized places create a complex 
interactive relationship between people, physical location, and digital content such as 
sound and digital video. 

7.4.1   “Ototonari” 

Ototonari is a pervasive game that allows the participants to create sound based on 
position, proximity and density of participants in real space using mobile ad hoc net-
work as the direct collaboration among users sharing the same time and the same 
place, as shown in Figure 7.5.[7] 

 

Fig. 7.5. In “Ototonari”, sound can be left in a location and picked up by other people 
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Ototonari was exhibited at AICHI EXPO 2005, Japan using PDAs with wireless 
network capability.  Each participant carries the PDA and walks around the park.  
Sound files are location-based so that unless the participant is within an area, the 
sound cannot be picked up to listen or save in the PDA.  By walking around the park, 
participants will collect various sound elements that can be mixed in the PDA to cre-
ate original music.  It is also possible to leave sound in certain location to be picked 
up by other participants.  Sound elements can also be shared among participants if 
they are nearby.   

In Ototonari, location terminals are installed in each area in the park.  The wireless 
network is set to reach only within its vicinity.  Each location terminal possesses the 
sound elements that are left by the participants.  PDA carried by the participants con-
nects to the location terminal and other PDA carried by participants by peer-to-peer 
network.  GPS technology was not used in this implementation. 

7.5   Ambient Interaction 

Interaction should be designed so that it feels invisible.  Ambient interaction is a type 
of faceless interaction in which the natural movements of people such as gestures 
trigger the environment to respond.  Ambient displays are used to actuate information 
through subtle changes in light, sound, and movement.[11]  In ambient interaction, 
the concept of ambient display is extended to account for interaction design using 
natural movement of people in the environment. 

If our environment becomes smart to dynamically change dependent on the con-
text, we do not need any devices to actively interact with the environment. People 
always actuate sufficient information about one’s emotional response such as eye 
movement, facial expression, voice, posture, and gesture. It is the responsibility of the 
environment to collect and analyze personal actuated information, similar to how we 
observe and understand a person. Reading the mood and adjusting the environment to 
match the atmosphere is the goal of ambient interaction. Entertaining flavor should be 
added as the hidden taste to vitalize the environment for a memorable experience. 

7.5.1   “Kage no Sekai” 

Interactive design work “Kage no Sekai” (Shadow World in Japanese) is designed 
around ambient interaction.[8]  It allows the user to communicate with marvelous 
creatures through the shadow with a view that everyone has once felt in their child-
hood that something would be in the shadow, as shown in Figure 7.6.  Although at 
first glance it looks like a regular wooden table, if one looks at the shadows on its 
surface one will notice the movement of mysterious life forms. When one tries to 
touch them by reaching the hand to the shadow area, they sense the presence and hide 
away. They do not emerge while human shadows are cast over the table, but the life 
forms hiding within a distant shadow are watching them.  The ambient display of 
mysterious life forms entertains people nearby the table.  The life forms may be 
treated as an adorable display, but ambient interaction occurs when one tries to reach 
over the shadow to touch. 
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In “Kage no Sekai”, the technology is hidden below the table, as depicted in  
Figure 7.6. The wooden desk surface deceives the user that both a camera as sensor 
and a projector as actuator are hidden to detect the shadow of the user reaching the 
hand toward the shadow area and project the characters in the shadow area.  The 
semi-transparent wooden surface creates the magic.  Video input from the web cam-
era is used for realtime detection and tracking of shadow using interframe difference 
image processing technique.  The life forms are displayed in the static shadow area.  
If the system detects a shadow that is approaching toward the static shadow area, the 
life forms immediately run away and disappear. 

 

Fig. 7.6. “Kage no Sekai” uses ambient interaction design to interact with creatures appearing 
in the shadow on the table 

 

Fig. 7.7. System diagram of “Kage no Sekai”  
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7.6   Conclusion 

In this chapter, the concept of Ubiquitous Content is presented with example proto-
types.  This entertaining and intuitive interaction design approaches can be deployed 
in various everyday products such as kitchenware, furniture, and smart toys. The 
techniques may also be used for designing intelligent and affective environments and 
architectural design.   
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Abstract. Computer games have become a cultural phenomenon. Increasingly popular, they 
have made their way from PC’s and consoles into the many small and sleek devices we carry 
with us daily, partaking of their mobility. When computers blend themselves into our daily 
environment, games will also move to colonize the new, ubiquitous paradigm of computation 
and may in this way manifest potentially through anything, anywhere. Ubiquitous games are 
already a popular topic of research, with focus on both technical and social aspects. Moreover 
they present a new and exciting challenge in interface design, as new forms of interaction are 
called for by a new paradigm. In this article we will see how current approaches to ubiquitous 
games and interaction break free of the traditional screens, mice and key pads and instead lead 
to reclaiming physical spaces, repurposing real objects and rediscovering social bonds – all of 
this while having fun. 

8.1   Introduction 

In their myriad manifestations, games have been part of human life ever since the dawn 
of times, having largely contributed to the establishment of social and cultural conven-
tions [11]. They prompt us to do what we humans, by nature, excel at doing: analyzing a 
given scenario and acting upon it towards a desired outcome, through a process that 
involves much pattern analysis [15]. By cleverly disguising themselves as ritualistic 
pass-time activities, they turn what might otherwise be a tedious and repetitive process 
into a source of skill practice, entertainment and even frequent show-off. Over the past 
few decades a new kind of games has emerged. This new breed, powered by the very 
technologies that are shaping human culture in an unprecedented manner, reaches us 
through the very tools we use to work and communicate – computers.  

Computers have come a very long way in a very short time. Once room-sized elec-
tromechanical machines used strictly for scientific purposes, they have rapidly 
evolved into palm-sized multimedia appliances with the processing, storage and com-
munication capabilities orders of magnitude beyond their ancestors’. They are all 
around us. Flamboyantly displayed or hiding in plain sight, they connect us, inform 
us, guide us and even entertain us. 
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Computer games are not something that came along with faster processors and 
multimedia capabilities, however. They have been used both to entertain and to dem-
onstrate technical capabilities ever since the very dawn of the computer age1. Or even 
before, if we consider the fact that in 1959 William Higinbotham had the unusual idea 
to set up a sort of virtual tennis game on an oscilloscope to illustrate its capabilities to 
the general public. Two years later Steve Russell, a young programmer from MIT, 
would code Spacewar! the first computer game ever known, on a punched-tape-
driven mainframe computer. In 1967 videogames were already making their leap 
to black & white television sets, thanks to Ralph Bauer. And in 1971 Nolan Bush-
nell’s arcade version of Spacewar! made video games leap even further onto public  
spaces [8]. 

Computer games have since then become a serious business. The still relatively 
young video game industry has grown to a point where ten million dollars may be 
considered a cheap development cost for a blockbuster game of the latest generation 
[14]. Some game genres are now taken seriously indeed not only by the industry and 
thousands (or even more) of affectionate players but also by educators and psycholo-
gists concerned with their level of violence and (perceived) lack of educational value.  

Curiously enough, each other single device aside from PC’s and game consoles 
that houses a small processor, display and a set of buttons is now also bound to have 
games played on it. Ever more commonly we may find games for graphing calcula-
tors, mobile phones, PDA’s and MP3 players – not disregarding the existence of de-
vices specifically designed as portable game consoles. We are to realize that wherever 
computational power becomes available, so do games seem compelled to follow [20].  

Still, computer games made for either stationary or portable devices are very much 
constrained to take place in simulated, virtual worlds. On one hand they are securely 
contained inside a digital dimension that acts as magic circle of play, where they can 
trivially be identified as abstracted simulations and have little to no consequence on 
the physical world. On the other, they require that attention be diverted from reality, 
with considerable cognitive loads that can lead the player into forsaking significant 
social bonds – something that seems to have become commonplace [28]. 

Personal computers have long been bound to very much the same interfaces they 
had back in the 80’s. Computer games were the driving force behind the first low-end 
sound and graphics cards and such input devices as joysticks and control pads, still 
popular nowadays with the addition of haptic feedback [8]. But they have equally 
struggled for long to make the best of these. As computer games break out of the 
screen and pervade reality, taking advantage of ubiquitous computing and context-
awareness, completely new approaches to gaming interfaces are not only possible but 
also necessary. Consider the fact that personal devices already (and increasingly) 
sport built-in cameras, wireless network access, positioning systems and even motion 
sensors. As such devices become more and more common, with better data acquisi-
tion, processing and communication capabilities, they present themselves as one ma-
jor channel for the next generation of computer games [23]. 

                                                           
1 It is interesting to point out that game playing is one of the preferred ways of testing AI  

algorithms. 
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8.2   The Ubiquitous Future of Games 

The vision behind Ubiquitous Computation (Ubicomp, for short) goes far deeper than 
simply taking networked computers, shrinking them even more – something that is 
granted by the ongoing applicability of Moore’s law2 – and scattering them through-
out our daily environment. Such a simplistic view could possibly mean a future made 
up of uncalled-for bursts of overwhelming information anywhere, at anytime, further 
disrupting users and adding up to their (already considerable) cognitive load. Accord-
ing to the serendipitous vision of Mark Weiser, Ubicomp must ensure a future of calm 
technology [29]. Ubiquity of computers both empowers and requires them to be con-
text-aware, so that they may better blend into the environment and don’t disturb us at 
every step with unnecessary information [9]. When capable to determine a meaning-
ful context regarding users, the physical environment and even information from a 
previous context, computers should be able to better cater to our needs. Achieving 
this, however, is not only a matter of developing better databases, more tolerant net-
working structures and cleverer artificial intelligence, although these are indeed im-
portant steps. Nor is it only about what to display on a screen – as it ultimately was 
with PC’s and many mobile devices – as screens may not even be necessary in many 
cases. In the vision of calm technology, computers truly blend in with the environ-
ment and provide information at the periphery of our attention, until called for in 
providing more detail. And so the conception of adequate human-computer interfaces 
is of the utmost importance [12]. 

8.2.1   Form, Nomenclature and Main Challenges 

We have seen that ever since the very beginning have computers been increasingly 
tied to games, even before we would even dream of hearing music or watching videos 
on them. So it would only be natural that researchers and artists alike would eventu-
ally start investigating what benefits and issues arise from bringing games to the para-
digm of Ubicomp.  

Benford et al. point out [2] several forms in which these activities may occur: loca-
tion-based reinterpretations of classic games; social interaction games; touring artistic 
games; educational games in physical spaces; and commercial pervasive games. Al-
though such a discussion is not within our present scope, it is still noteworthy to point 
out that, in such a context, the terms “pervasive” and “ubiquitous” have largely been 
used interchangeably although, by definition, they do not share the same meaning 
[20]. Besides making this distinction, noted ubiquitous games researcher and designer 
Jane McGonigal alternatively suggests three categories, each with its own set of re-
search aims, artistic intentions, and social impacts: ubicomp games, which focus on 
bringing computer games to this new paradigm; pervasive games, which focus on 
playful, thrilling disruption of reality, with maximum social weight; and ubiquitous 
games, which focus in rediscovering affordances of everyday objects and spaces 
through their use in games, made possible by Ubicomp technology. Throughout this 
text we will not make special distinction in nomenclature or categories however; our 
focus is on the interfaces and technologies used.  
                                                           
2 In 1965 Gordon E. Moore, a co-founder of Intel, observed empirically that the number of 

transistors on a chip doubles about every two years. 
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The main challenges faced when developing ubiquitous games are enumerated by 
Benford et al [2]. The use of wireless networking and sensor technologies – whether 
they are location-sensing, computer vision or gesture recognition – introduces the chal-
lenge of dealing with uncertainty. The fact that ubiquitous activities involve hybrid 
architectures, with different devices and network configurations, is a second challenge. 
Ubiquitous games also span very different domains (including aspects of both tradi-
tional and computer games) and so require a careful approach in design, choosing what 
to represent as digital or physical and how to do it. Configuration is a further challenge, 
in the sense that ubiquitous games are many times inevitably tied to a physical location 
or otherwise constrained by complicated set up of technological resources. The last 
challenge is orchestrating the game in real-time, as it may not be possible to automate 
the whole process or to provide fail-safe gameplay, given the mingling of physical and 
digital. We shall now see how ubiquitous games have tackled these problems, and also 
what principles and technologies were used in their making. 

8.2.2   Current State of the Art 

Pirates!, by the Interactive Institute, was an early approach, based on a concern in 
regaining social aspects of traditional gaming, where players meet face-to-face [3]. In 
it each player takes on the role of commander of a pirate ship, sailing from island to 
island in search of treasure. Output is presented to the player by a handheld computer, 
which is also used for input when exploring an island. To sail between islands the 
players have to move in a real physical space, risking confrontation with other players 
in the form of open sea battles. To handle the question of positioning, radio-frequency 
beacons were used as proximity sensors, mounted on the mobile device and at the 
physical locations for the virtual islands. This enabled each device to know when it 
was close to an island or another player. Instead of relying on an absolute positioning 
system, the physical interaction functions through relative proximity detection. The 
fact that the stationary beacons don’t need to be connected to the network is an advan-
tage in ease of set-up. 

The artist group Blast Theory together with the Mixed Reality Lab of the Univer-
sity of Nottingham devised Can You See Me Now, best described as a mix of perva-
sive game and performance [7]. In this game we may find online players pitted 
against performers on the streets. Online players access the game through a web-
based interface where they control an avatar in a 3D model of a real location. Per-
formers (known as “runners”) roam the streets of the real location trying to catch the 
online players’ avatars by referring to their position on a mobile computer. Runners 
can read the text messages exchanged between online players; these in turn are able to 
listen to the runners’ radio communications – which is an interesting way to perceive 
their humanness. The Global Positioning System3 (GPS) is used for tracking the run-
ners. Its use proved unreliable, especially in narrow streets, due to lack of precision 
and occasional difficulty in obtaining fix data4. Runners were quick to deal with this 
 

                                                           
3 A GPS receiver obtains its absolute geographical position through a triangulation method 

based on a mesh of 24 satellites orbiting the Earth. This method requires line of sight to at 
least three (four?) such satellites and thus cannot be used indoors. 

4 Nowadays, however, most commercially available GPS devices provide error-compensation 
for navigating in urban canyons. 
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Fig. 8.1. Can You See Me Now. Photo © Blast Theory. 

as part of their tactics however, by realizing where on the city streets it was most 
likely to be experienced.  

Uncle Roy All Around You is a later approach based on the same principle of com-
bining street and on-line play, in a mix of ubiquitous game with live performance [1]. 
Street players (not performers) search for the character Uncle Roy by following clues 
on a handheld computer. Online players follow the progress of street players and can 
choose whether or not to help them. Ultimately a street player is led to Uncle Roy’s 
office and afterwards invited to enter a white limousine. In the end both the online 
and the street player are asked if they are willing to make a commitment to support 
one another during the following year. This game performance explores the relation-
ship of trust towards strangers and makes use of actors and real physical assets, such 
as a limousine, an office and a phone booth. Wireless communication is based on 
GPRS. Given the previous problems with GPS in Can You See Me Now, players must 
now explicitly indicate their geographical position through a map interface on the 
mobile device. An orchestrating room was set up to coordinate the game’s physical 
resources and to identify players in need of assistance. 

Positioning issues may be tackled with a mixed approach. InStory, by the Interac-
tive Multimedia Group, is a location-based interactive narrative [5]. Players are of-
fered an interactive experience which combines elements of narrative and gaming and 
takes strong advantage of the physical beauty and historical richness of a real loca-
tion. As the player roams the physical space, interactive narrative segments and story-
driven challenges are presented on a mobile device. By using the mobile device’s 
image capture facility, she can also contribute with annotated images that may be 
repurposed in new narratives. Geographical position is obtained by three methods, 
chosen automatically. GPS positioning is used as a preferential method for outdoor 
navigation, as newer GPS antennas provide better results in areas with moderate foli-
age canopy. As a support for GPS and to provide indoors positioning a commercial 
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Fig. 8.2. InStory - Regaleira. Photos by Rute Frias, © Interactive Multimedia Group. 

system based on Wi-Fi triangulation is used. As disadvantages, this technology re-
quires a considerable number of access points to be deployed (at least 3 must be “visi-
ble” at any given location) and rigorous calibration. In the case that both automatic 
systems are unavailable, the user can explicitly indicate her position by tapping a map 
interface on the mobile device.  

Not all approaches require setting up a specific location as a game board, though. 
Road Rager is designed for brief encounters on the road, making use of a gesture-
driven tangible interface [4]. Players in separate vehicles become duelling wizards 
casting spells, shocking or throwing magical sludge at each other. In this approach by 
the Interactive Institute, the tangible interface is not only used as an intuitive meta-
phor for activating the different attacks but also allows players to better divide their 
attention between interface and real world while playing the game. This interface is 
attached to a PDA with wireless LAN capabilities, which uses this technology to 
detect and communicate with other players in the vicinity. The game is intended for 
passengers who are not engaged in the maneuvering of the car and designed not to 
disturb those who are. Road Rager needs no hardware to be deployed in any given 
space (since it uses ad-hoc networking between players’ devices) and turns a poten-
tially boring everyday situation into an exciting gaming experience. 

RFID (Radio Frequency Identification) is an increasingly popular technology that 
allows automatic identification of objects, places and even animals marked with RFID 
transponders (commonly known as “tags”). These come in diverse varieties, diverging 
in size, form, read distance and the ability to store additional information. Lancaster 
University’s Infolab21 research centre devised the first game in the world to use mo-
bile phones equipped with RFID readers, dubbed Pac-Lan [23]. This game is a  
remapping of the classic Pac-Man game onto the pedestrian area of the Lancaster 
University campus. One player takes on the role of the Pac-Lan character and is 
chased by other four players taking on the role of ghosts. Placed throughout the play 
area are big yellow pills marked with RFID tags. By using a mobile phone equipped 
with an RFID reader to read these tags, players explicitly indicate their position, 
communicated to the game server via GPRS by the mobile phone. To effectively 
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“kill” the main character, a ghost must approach her and use the mobile to read a tag 
placed on the back of her costume. The reverse applies whenever the main character 
collects a “power-pill”. The Pac-Lan character is lead to indicate his position by his 
objective of “collecting” as many pills as possible; the ghost characters must regularly 
indicate their position or become unable to “kill” the Pac-Lan character. It is interest-
ing to note how RFID may be used as a positioning method. It does not provide a 
completely ubiquitous positioning mechanism, but when placed on stationary objects 
(such as a lamp post) it can prove very accurate. Passive RFID tags do not need a 
power source5, are quite unobtrusive and very easy to set-up. 

The usage of multiple interfaces is something that can be explored in order to con-
fer role-play aspects to a pervasive game and promote team work. Epidemic Menace 
presents such an approach [17]. Players form teams of “medical experts” in order to 
catch a menacing virus and devise a cure for it. Part of the team is stationed in a game 
room, where an overview of the game status is available, as well as a communications 
station to guide team members and a virus analysis station. Guided by the crew at the 
control room, mobile players can pinpoint a virus’ location and behaviour by listening 
to a sound interface, or don a mobile Augmented Reality (AR) interface that allows 
them to actually see the viruses and attack them with a spray tool. Communication 
with team members is achieved through a mobile assistant, which can also be used to 
capture viruses. Positioning is achieved through GPS. The game makes brief use of 
live acting and an AIBO robot that aids the players at some point in the story. Also, a 
virus is something that can’t be seen with the naked eye and so it is an “enemy” that 
dispenses physical representation.  

One of the most extreme approaches to pervasive gaming was staged in Stock-
holm. The pervasive live action role-play game Prosopopeia Bardo 2: Momentum 
[27] spanned five weeks, merging with the real lives of thirty players. In this follow-
up to a previous instalment [13], the players role-played themselves as possessed by 
ghosts of revolutionaries, being allowed to switch from the ghost personality to their 
own and vice-versa. As game events could take place anyplace at anytime, it is con-
venient that the player can “be herself” to deal with real-life situations that might 
arise. The game made extensive use of indexical propping – meaning that real places 
and objects represent themselves – leading players to establish a game contextualiza-
tion for locations and objects that would otherwise be ignored by outsiders. Also 
several interesting interfaces were developed as “techno-magical” artefacts for use in 
the game. Stationed on an abandoned nuclear reactor core (which served as the play-
ers’ headquarters) were several installations that allowed the players to receive mes-
sages from spirits, among them an EVP6 device that required its user to be strapped 
down on a steel bed. Mobile interfaces included an RFID-reading glove, GPS receiver 
and mobile phones, which were used in searching and reclaiming “magical nodes” to 
the world beyond. This project has achieved meaningful insight on the choice be-
tween seamless and “seamful” interfaces, as well as on the complex effort of orches-
tration and ethical aspects of merging a game and real life. 

                                                           
5 A passive RFID tag is powered by induction from the reader’s antenna. 
6 EVP stands for Electronic Voice Phenomenon, a term referring seemingly perceptible voices 

(said by some to be of paranormal origin) captured in audio recordings. 
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Fig. 8.3. Epidemic Menace. Photo by Nina Dautzenberg, © Sony Netservices. 

As we may see, the challenges of ubiquitous gaming are being overcome by inven-
tive use of technology in providing gameplay and their potential as social activities 
being brought to light. In what interfaces are concerned, all these current examples of 
success make use of diverse positioning techniques, mobile devices, RFID, tangibles 
and even live actors. Other popular techniques also include use of fiducial markers 
(such as Semacode [25]), gesture input and AI-driven virtual characters. 

8.3   Reinventing Game Interfaces 

In the previous section we have seen how the notion of ubiquitous gaming is already 
being approached and how pioneering approaches provide hands-on experience to 
identify common issues and the insight to overcome them. We may argue nonetheless 
that the vast majority of interaction in such gaming activities is either based on the 
player’s location, mediated by a mobile device or both. But there are reasons for this. 
Mobile devices already possess the computational power to comfortably provide 
network communication, audiovisual output and handle input both from the user and 
from peripheral devices such as GPS antennas, RFID readers and cameras. In some 
case these peripheral devices aren’t exactly peripheral anymore, as they are embedded 
into the mobile computer. Another advantage of using mobile devices is that they 
have become accessible to a large audience. Still, the Ubicomp vision of coupling bits 
and atoms (as put by Ishii and Ullmer [12]) pushes us onwards, to explore a new and 
vast territory, extending well beyond small screens, head-mounted AR displays, 
physical displacement and tapping with a stylus. Whether they are research projects, 
interactive art installations, design concepts or commercial products, we may find 
promising interfaces for tomorrow’s games, already today. 
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8.3.1   Unconventional Interfaces 

Location-based games take advantage, to lesser or greater extent, of a real physical 
space. But to what extent could that be possible? If the concern is sheer size, than 
look no further. An entire building facade was used by the Chaos Computer Club as a 
monochrome pixel display in Blinkenlights [22]. Computer-controlled lamps were set 
up behind each of the one hundred and forty four windows of the Haus des Lehrers 
building in Berlin to form a gigantic 18x8 display. Passers-by could interact via their 
mobile phones to display text messages, custom animations and play the arcade clas-
sic Pong. The setup effort is tremendous, though. Similar approaches are possible, 
requiring less setup, such as Douglas Stanley’s Invaders! [26]. In the original version, 
projected onto the facade of the Marseille World Trade Centre, passers-by were able 
to control a rehash of the classic Space Invaders by means of any light sources they 
might have, such as torches or car headlights7. Aside from providing an easy to use 
interface based on common devices, Invaders! was also a highly mobile installation, 
powered by laptop batteries and an adapter for a car’s cigarette lighter plug.  

 

Fig. 8.4. Blinkenlights. Photo by Thomas Fiedler - www.blinkenlights.de 

Trees and plants, which are very common in public spaces, can serve as both input 
and output of information. In Interactive Plant Growing, Christa Sommerer and 
Laurent Mignonneau present us with the opportunity to create a virtual garden sport-
ing over twenty five program-based plants by simply approaching and touching real 
ones [21]. The installation consists of a screen where the virtual garden is grown and 
five real plants each on a pedestal. One of the plants – the cactus – resets the virtual 
scene. Interaction is achieved by measuring, on the very plants themselves, the differ-
ence in electrical potential between them and the visitor. Conversely, PlantDisplay is 
meant to present information (although coarsely) by controlling water and lighting 
 

                                                           
7 In later versions of the same installation, gesture input is used instead. 
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Fig. 8.5. Interactive Plant Growing. © 1992/93 Christa Sommerer and Laurent Mignonneau. 

provided to living plants [16]. This approach to information visualization by the Fac-
ulty of Environmental Information of Keio University is illustrated with two interest-
ing examples: visualizing activity in human relationships based on the amount of 
communication (phone calls, e-mails) between two friends; and visualizing the  
general happiness of a community based on content from posts on a weblog. 

Games of all kinds presuppose physical and/or mental activity and are undeniably a 
source of excitement. But the Interactive Institute’s Smart Studio8 subverts such no-
tions with the game Brainball [10]. One of the novelties of this game lies in the fact 
that it uses the players’ brain waves (and nothing more) as input. The electrical activ-
ity of each player’s brain is captured by a headband with electrodes. The other novelty 
(and main focus of the concept) is that players do not compete through physical or 
mental activity, nor are they even supposed to be excited. A ball on a table between 
the players is moved by brainwaves that occur when the brain is in a relaxed state; 
and so the game turns out to be all about relaxation. Besides the peculiarity and non-
invasiveness of the interface itself, we find a mapping that is reversed in relation to 
other computer games – where excitement and rapid button press are a must. Such an 
approach, besides the inherent novelty, suggests that the notion of calm technology 
may analogously be applied in game interfaces, contrarily to what Weiser may have 
thought [29].  

Other kinds of bio-signals can also be used as input, such as heart rate. Dragons is 
a collaborative project between Active Ingredient, the Lansdown Centre for Elec-
tronic Arts and the London Sport Institute, mingling health concerns and ubiquitous 
gaming [6]. The player isn’t required to go anywhere in specific but as she moves a 
virtual landscape (reminiscent of old isometric games) is created based on her  
 

                                                           
8 Smart Studio was transformed in 2006 into the Art & Technology Program. 
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Fig. 8.6. Brainball. Photo by Tobias Sjödin, © Interactive Instititute. 

displacement and optimality of the heart rate. The landscape blossoms and becomes 
lush if the heart rate is at optimal levels; otherwise it becomes impoverished or darkly 
wooded. Position is obtained through GPS and heart rate by means of an inexpensive 
heart rate sensor. The fact that the game is location-independent and that it can easily 
be integrated into daily activity are also interesting concepts to explore in ubiquitous 
gaming.  

Oddly enough, even the act of micturition has been used as a game interface for a 
game in a public space. MIT Media Lab’s Dan Maynes-Aminzade and Hayes Raffle 
take on social aspects of urinating in You’re In Control9 [19]. The installation consists 
of a urinal whose surface detects the position of impact of a stream of liquid and a 
screen mounted at eye-level. Users are welcome to test their accuracy at a variant of 
the typical Whack-a-Mole game. Aside from the novel combination of play with the 
act of micturition (and other benefits pointed out its authors), You’re In Control in-
cludes a custom controller for everyone to use – which is rather convenient, to say the 
least. This strong candidate for “strangest controller ever used in a game” is a simple, 
non-electronic device consisting of a rubber nozzle connected to two water reservoirs.  

Ultimately, interfacing with a computer may be as simple as touching, stepping or 
sitting, without resort to wireless networking, computer vision or carefully placed 
sensors. RedTacton is a technology that uses weak electrical currents on the surface of 
the human body as safe, high speed transmission path [24]. This means that a person 
can literally act as a two-way data channel between devices. For instance, a user can 
have a personal device in permanent contact with her skin and simultaneously connect 
 

                                                           
9 Sounding similar to “Urine Control”. 
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Fig. 8.7. You’re In Control. Photo ©2003 Hayes Solos Raffle and Dan Maynes-Aminzade. 

it to other computers simply by touching real objects or surfaces10. Such an innovative 
technology may easily be adopted in ubiquitous gaming not only as a network channel 
but also as the means to provide touch-based interaction, allowing many-to-many 
relationships between players, objects and surfaces.   

We have seen that most approaches in bringing play to physical spaces and objects 
require a lot of setup. However, it is possible to turn everyday objects into game inter-
faces without great intervention. Haiyan Zhang’s concept Control Freaks aims at 
opportunistic play by easily turning everyday objects into gaming interfaces [30]. 
Basically acting as a motion- and sound-sensitive “parasite”, a Control Freak can be 
clamped to an object – anything from chairs to people – thus augmenting it into a 
game controller. 

8.3.2   A Wearable Approach 

Sharing a similar vision, the Gauntlet is a concept for wearable game controller, being 
developed at the Interface Culture Lab [18]. The idea behind this concept is allowing 
ubiquitous, gesture-driven interaction with real objects and spaces without the need 
for complicated setup. Instead of deploying sensors in real spaces and objects, these 
are placed on the user, embedded in an arm piece. Wearability is thus a key issue, as 
the arm piece must be comfortable enough to wear for long periods of time and as 
unobtrusive as possible to movement of the forearm and hand. A three-axis acceler-
ometer acquires data for gesture recognition. A digital compass providing data to 
 

                                                           
10 Support for simultaneous connections is achieved by a Carrier Sense Multiple Access With 

Collision Detection (CSMA/CD) algorithm. Similarly to what happens in Wi-Fi networks, 
this algorithm ensures that only one device is using the communications channel at any given 
time. 
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Fig. 8.8. Noon – A Secret Told By Objects. Photo by Thomas Wagner. © Interface Culture. 

determine where the user is pointing (provided her exact location is known). An RFID 
reader allows automatic recognition of tagged objects and can also be used as a posi-
tioning method by reading a tag placed in a stationary object. Data from these sensors 
is read by a microcontroller and sent via Bluetooth to a mobile device, responsible for 
data processing, network communication and connecting to other devices, such as a 
GPS antenna. By donning the arm piece, players are free to interact through gesture, 
proximity, touch and manipulation of real objects. Furthermore, an object can be 
added to the game in real time by placing an RFID tag on it. 

To demonstrate and conduct user testing of interactions using the Gauntlet, a single 
player game has been devised. “Noon – A Secret Told by Objects” is a game that uses 
objects and physical interaction to convey an interactive narrative. The player’s objec-
tive is to unveil the truth behind a tragic fire by retrieving memories from salvaged 
objects, using the Gauntlet and a magical Tome – a PDA encased in a book, responsi-
ble for managing game logic and providing audiovisual output. To trigger memories 
the player must touch, hold or – in some cases – manipulate the objects. Different 
levels of interaction may yield different information. As not all memories are happy 
ones, some manifest primarily as aggressive poltergeist. In the presence of these 
harmful spirits the Tome produces audio noise and the displayed media appears burnt, 
becoming progressively garbled and unreliable. By using the Gauntlet to scan her 
periphery the player can determine the source of the attacks (the direction in which 
the noise is more intense) and deflect them. One of the objects, the clock, is very 
special for it allows shifting the time of all object’s memories. By touching the object 
and then pointing at one of several candles surrounding the table the player can access 
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key moments in the hours preceding the tragedy. As the player navigates memories in 
any order she may desire, a narrative is pieced together leading to the immediate 
cause of the fire and the hidden reasons behind it.  

8.4   Conclusion 

Computers will fade more and more out of our sight, and the less we see them the 
more we will experience their embodiment as pure interaction. Later generations will 
thus come to perceive computers in a very different way than we do now. It is ours 
the task to pioneer intuitive, engaging and aesthetically pleasing manifestations for 
this new form of computation, all the while overcoming issues of personal agency, 
privacy and sanity [9]. While based on the principles and technology of Ubicomp, 
ubiquitous games share these requirements, and provide a fertile ground in which 
artists and researchers can explore new forms of interaction and obtain important 
insights that may be used in other applications. Ubiquitous games may yet become an 
early paragon of the vision behind Ubicomp. 

We have presented state-of-the art ubiquitous, pervasive and mixed-reality games 
exploring hands-on these new forms of play and highlighted concepts that suggest the 
world as a place filled with opportunities for human-computer interaction. It should 
be clearer now that the next breed of computer-mediated games hold much more than 
the promise of breaking out of the screen. In blending themselves with the environ-
ment they have the power of leading players to: rediscover physical spaces and take 
part in the continuity of their history; perceive new affordances (or rediscover old 
ones) in objects by using them as game elements; engage in play in anyplace, at any-
time, through potentially anything; keep a desired amount of focus on the real world 
while playing; form new social relationships or strengthen existing ones; and exercise 
their body and mind.  

All in all, such approaches to ubiquitous forms of play and to the way we experi-
ence them empower us to conceive a new breed of games, manifesting closer to us 
and savoured in ways never thought of before. Play will continue to be part of human 
culture, yes; but in an age of calm technology it can be a veritably engaging, enter-
taining and meaningful cultural experience. 
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Abstract. Wearable technologies in a mobile, networked environment will take the interface 
into the real world both literally and metaphorically, as our bodies become the interface, 
mediated through handheld, wearable, or embedded devices. Mobile, wearable media can be 
traced back to history f.e. with hidden cameras and wristwatches. By augmenting the physical 
through digital, wearable computers are constructing a new entity with its own specificities. A 
research in electronic textiles integrates technology into textile and thus allows it to become a 
dynamic interface. All wearables, objects or garments, must become more than mere mediators 
of perception. The future lies in a human-centered integration of man and machine.  

Keywords: wearable technologies, wearable media, wearable computers, fashionable 
technologies, electronic textiles. 

9.1   Introduction 

Wearable technologies in a mobile, networked environment will take the interface 
into the real world both literally and metaphorically, as our bodies become the 
interface, mediated through handheld, wearable, or embedded devices.  

We have invented glasses to augment our vision and wristwatches to better manage 
our time. Recently we have developed mobile phones to better manage our lives and 
our social networks. These devices became fashion items in themselves. The 
integration of these functionalities in garments and textiles is a current trend and 
requires a great understanding of fashion and its many facets. The technological 
character of such integration is a further element that requires attention to the body 
and the materials used. A new generation of wearables is developing. It shows that 
technology and fashion are not as distant as it might first seem. Even the thread-up 
and thread-down of the weaving process corresponds to the binary logic of 0 and 1 of 
a computer circuitry.  

9.2   Wearables 

The first known battery-run, mobile and wearable computer was built for predicting 
gambling results. In his article “The Invention of the First Wearable Computer” 
Edward O. Thorp writes about his collaboration with Claude Shannon in designing 
and constructing a roulette-predicting device, which is said to be the first wearable 
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computer. The wearable version of the computer was complete and operational in 
June of 1961. It used twelve transistors and was about a size of a cigarette pack. The 
device was hidden in a shoe. In 1961 it was shortly tested in a casino in Las Vegas by 
its creators and approved successful. The endeavor was kept secret until 1966, when 
Thorp finally announced the roulette system publicly. Based on results from this 
experiment a small group of scientists built in the early 1970s an operational wearable 
computer for the same purpose –predicting roulette- using the next generation of 
hardware and technology. [15] This version is known as The Eudaemon Shoe. By 
1978 the computer was working and tested in Las Vegas with an average profit of 
44% for every dollar. 

9.2.1   Steve Mann’s Definition of Wearables 

Cyborgs are what is normally thought of when mentioning wearables suggesting to 
the terminology defined by Steve Mann: "A wearable computer is a computer that is 
subsumed into the personal space of the user, controlled by the user, and has both 
operational and interactional constancy, i.e. is always on and always accessible” [6].  

Steve Mann is undoubtedly one of the main figures in the field of wearable 
computers. Starting in turn of the 1970s and 1980s by building a wearable 
“photographer’s assistant”, he has developed a series of wearable systems to the 
present day with features like body mounted cameras, lighting equipment and head 
mounted displays. One of his recent projects is EyeTap. He writes about the 
development: "Our wearable computer reality mediators have evolved from headsets 
of the 1970s, to EyeTaps with optics outside the glasses in the 1980s, to EyeTaps with 
the optics built inside the glasses in the 1990s to EyeTaps with mediation zones built 
into the frames, lens edges, or the cut lines of bifocal lenses in the year 2000 (e.g. exit 
pupil and associated optics concealed by the transition regions)." [7] This small size 
device affects the eye to become both a camera and a display. The authors write that: 
"These digital eye-glasses can help us remember better, through what is called a 
lifeglog (lifelong cyborglog) or ’glog, for short. A ’glog uses lifelong video capture to 
record what our eyes see over our entire lifetime." [7] 

With a long history in wearable computers, Steve Mann has written extensively on 
the developments of his experiments and on wearable computers in general. He has 
defined three basic modes of operation as characteristic of wearable computers: 
constancy, augmentation and mediation. Constancy means that the device does not 
need to be turned on or opened up prior to use. Augmentation refers to the idea that 
computing is not the primary task, but the user can be doing something else 
simultaneously. This expected feature of wearable computers is often referred as 
“hands-free”. Mediation means that the device allows the user to control inbound 
informational flow for solitude and outbound informational flow for privacy. [8]  

The appearance of early wearable computers (or cyborgs using them) was clunky, 
had enormous power consumption, and used awkward interfaces in comparison to 
current design development. Human-centered factors like ergonomics, physiognomic, 
and feedback mechanisms had not yet been considered. This development is obvious, 
for example, when looking at the development of Steve Mann’s experiments from the 
early 80s up to this day. Steve Mann is convinced that reality mediators, which are 
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aimed at personal everyday use, such as hearing aids and personal eyeglasses must have 
an unobtrusive or hidden appearance, or be designed to be sleek and fashionable. [9] 

These goals of making wearable technologies to become fashionable have 
influenced another strand of development within the field of wearable computers; the 
aim of making the computers disappear into our clothing and creating hardware which 
can be flexible, washable, small in size and light in weight. This area of research has 
grown hugely during the last years especially amongst practitioners of textile-, 
fashion-, and industrial design. They have been developing many new solutions for 
making electronic components from conductive yarns and textiles and embedding 
small components straight into the textiles. 

9.2.2   Wearable Computers and Augementation 

Ana Viseu makes a clear distinction between simulation and augmentation. She 
considers wearable computers to be augmentation. She writes: “… the digital is 
incorporated in the physical without necessarily showing its presence: Here, the 
human is no longer the measure of all things, the entity that machines are designed to 
imitate. The human body is viewed as being deficient, in need of improvement, of 
being enhanced with computing capabilities." She continues: "Rather than building 
self-contained machines, machines and humans are coupled together into a new 
hybrid actor." [17] She continues to argue that the discourse around the production of 
wearable technologies focuses mainly on "quantifiable, causal relationships, thus 
overlooking the fact that the augmentation of the physical through the digital does not 
result in physical plus digital, but in a new entity with its own specificities. An 
augmented human being has a distinct reality, and this raises new issues regarding the 
place of the human body and self in its relation to technological artefacts." [17] 
According to Viseu wearable computers are largely the product of ubiquitous 
computing and embedded computing, which offer a new way to interact with the 
environment, which is also expected to be responsive and communicative. [17] [18] 
Rather than considering wearable computers as tools, they have become more a 
technological companion.  

9.2.3   Mobile Versus Wearable Media 

Media archeologist Erkki Huhtamo has investigated the predecessors of mobile media 
devices. He writes: “Mobile media devices can be treated as “apparata”, that are 
partly technological, partly psychological, partly cultural. The devices themselves 
incorporate certain “built-in” modes of usage that are then negotiated, perhaps 
embraced, perhaps contested, by the users themselves.” [5] Huhtamo divides mobile 
media devices into three categories based on their usage; portable media, wearable 
media and vehicle-mounted media. The categories shift depending on how and where 
the device is used, for example if the iPod is listened to while running or while 
driving via a car-stereo. 

Wearable media according to Huhtamo refers to things that become attached to the 
user’s body in a more rigorous sense than portable things. Also a mobile phone in a 
pocket or attached to a belt and used with a hands-free headset would qualify as 
wearable according to Huhtamo. When one considers conventions of use and 
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symbolic meanings as being equally important as functions, then the most common 
form of a wearable would be the wristwatch, and its predecessor the pocket-watch. 
The author’s (Sabine Seymour) theory of the degree of body integration defines three 
stages of integration. The least integrated are handheld devices like cell phones with 
no actual body integration. Wearables have some type of integration and are mostly 
garments. Embedded devices are the most integrated and become more and more 
common in medical procedures.  

An interesting historical example of wearable media - as well as it is an early form 
of surveillance or spy-technology, is the commercially successful device C.P. Strin’s 
“Concealed Vest Camera” from the 1880s. It was a camera designed to be worn under 
the clothing that shot images through a buttonhole1. A recent examples using the same 
system is Burton’s Espionage Jacket for snowboarding that was first released in 2005. 
Anna Novakov writes that during the 1870's there was "an enormous amount of 
interest in the detective camera, which were miniature cameras meant to be used by 
the flaneur to enter the city space and secretly take pictures. They were kept hidden in 
places such as the inside of a gentleman's hat. While walking down the street, he 
could be taking photographs, gathering evidence to be scientifically evaluated later. 
These cameras became extremely popular, and took many forms, often hidden in 
clothing." [11] Novakov sees a continuum from the hidden cameras of the 1870s to 
the contemporary surveillance technologies that have developed with the ability and 
preoccupation to watch and observe others all the time. The continuation of this desire 
can be seen in the recurrence of small size -hidden- cameras in mobile media devices 
like sunglasses with recording possibilities2 or in mobile phones. Now all of us are 
equipped within our everyday life with the possibility to be detectives - whether we 
want it or not. 

9.3   Fashionable Technology 

Fashionable Technology is dealing with the next generation of wearables. The worlds 
of fashion, ubiquitous computing, design, science, and wearable technologies are 
rapidly converging. A new field is emerging that the author (Sabine Seymour) terms 
Fashionable Technology. With the appearance of transitive materials like electronic 
textiles, shape-memory alloys, and technologies like Skinplex novel interfaces for the 
body are created. Fashion as the art of creating for the body is thus an extremely 
important craft that needs further exploration in the field of Fashionable Technology. 

Fashionable Technology looks at end users as fashionable beings, attentive to style, 
aesthetics, branding, and the expressive potential of wearable technologies. It refers to 
all design objects that are associated with aesthetics, wearability, or some degree of 
mobility. Thus including clothing and all types of accessories, jewellery, and gadgets 
from hearing aids to bags. In a stationary context Fashionable Technology represents 
objects that deal with dynamic interfaces, in particular referring to interior design 
objects. It includes experiments with enhanced materials, technologies, or electronic 
textiles and testing the effects of the interaction with the objects.  
                                                           
1 http://www.boxcameras.com/stirnvestad.html (accessed December 17, 2006). 
2 http://www.spygadgets.com/undercover-cameras/sunglasses-camera.html (accessed December 

31, 2007). 
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Fashionable Technology can easily be misinterpreted as dealing only with fashion 
and technology. The term focuses on ‘able’ and inspires to make technology 
fashionable and aesthetically pleasant. The extension of the human body through 
wearables confirms the need for many other disciplines as discussed in the 
conclusion. 

9.3.1   Fashion and Technology 

An example from haute couture, of using technology on the body today as a means to 
communicate an experience with technological enhancement is the Cypress fashion 
designer Hussein Chalayan. The airplane dress from the spring/summer collection 
2000 is made from the same material used in aircraft construction and changes shape 
by remote control. It was one of the first examples to merge technology and fashion in 
a visible well-crafted way. Chalayan is of the few fashion designers who are 
experimenting with technology. Even more dynamic and expressive is Chalayan’s 
spring/summer collection 2007 entitled Boing Boing with clothes beginning to twitch, 
move, change shape – reconfigure on their own. The garments morph through 
decades of fashion. Zippers close, hemlines rise. The perfect symbiosis of fashion and 
technology emerged on the runway. The dresses were driven electronically by 
controlled, geared motors concealed in hard cased containers on the buttocks of the 
models that also sheltered the microprocessors and battery pack. 

Due to the current state of the technology bags or other larger accessories, are 
frequently used to hide the technical components needed for the envisioned 
functionality. Fashion Victims, a project by former students Agnelli Davide, Buzzini 
Dario, and Drori Tal of the Ivrea Interaction Design Institute proves just that. The 
idea of creating a collection of garments that react according to the surrounding 
mobile phone calls had to be modified into a bag to accommodate the physical 
functions derived from the technical components needed to express the concept, the 
idea. Still being a part of clothing the use of a bag was still accommodating the initial 
idea the project website notes: “The choice of this medium has to do with the already 
existing language and codes of apparel, that we use in order to communicate, self-
express and position ourselves.” The wearer can choose to switch off the bag’s 
functionality, pull out the mechanism, and simple use it as a bag. Such empowerment 
is in particularly important for garments that a wearer cannot simply take off in 
public. The varying degrees of operational constancy and interactivity in particular 
refer to the fact that wearables or technologically enhanced garments do not 
necessarily have a computational component. These kinds of materials called ‘smart 
textiles’ feature scientific advances in materials research and include things such as 
better insulators or fabrics that resist stains. [2] Dynamic textiles surfaces for instance 
can be created without computational power by an intelligent use of ambient factors 
or materials. Thermochromic inks used in silk screening do not need any 
computational power to dynamically change its properties. A rise in temperature 
changes the color. Such change can be made by using conductive fibers that heat up 
or simply through the rise of body temperature depending on the temperature 
properties of the ink.  

‘Electronic textiles’ refer to a material that incorporates capabilities for sensing 
(biometric or external), communication (usually wireless), power transmission, and 
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Fig. 9.1. Exchange-Dress. © Ammann+Siebrecht Fotografen AG. 

interconnection technology to allow sensors other computational devices to be 
networked together within a fabric. [2] The various wearable technologies – sensors, 
micro-controllers, or embedded systems in general – are often the major component 
for Fashionable Technology projects to allow for functionalities that do require a 
computational calculation. The three garments of the thesis project Fashionation by 
Celine Studer3 advised by the author (Sabine Seymour) rely on wearable technologies 
to recreate the stories of the garments physically. Humans communicate constantly 
with someone else and leave a mental mark. These impressions always fade away and 
are sometimes mixed with the marks other conversationalists leave. 

The garment shown in Fig. 9.1 titled Exchange-Dress uses color as the metaphor to 
tell that story, to convey the concept. The visitors of the performance receive color-
coded bracelets and depending in the proximity to the Exchange-Dress the dress 
reacts. The originally white Luminex fabric changes to the color communicated by the 
bracelet of the visitor. The color fades when the visitor parts again from the wearer of 
the Exchange-Dress. This interaction is only possible through the use of an IR 
transmitter and receiver, batteries, a micro-controller. Thus, simple computational 
power and the creation of a networked communication are necessary to allow for the 
story to unfold. The Exchange-Dress was designed by Marscha Jäggi und Françoise 
Adler. 

Today wireless technologies are an integral part of space-human, human-human, 
and Body Area Network communication methods. ‘Clothing That Arranges The 
Body’ developed by Hannah Perner-Wilson in the class Fashionable Technology 
projects4 conducted by the author (Sabine Seymour) deals with a different kind of 
body network. Hannah describes: ”[Clothing That Arranges The Body] amounts to a 
 

                                                           
3 Celine Studer who conducted the thesis is a student at Hyperwerk in Basel, Switzerland. 
4 The class runs in the department Interface Culture at the University of Applied Arts and 

Design in Linz, Austria. 
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Fig. 9.2. Clothing That Arranges The Body. © Hannah Perner-Wilson. 

way of connecting the flow of electricity between devices scattered in pockets around 
our body.” Fig. 9.2 shows the cabling system that runs electricity from one pocket to 
another combining function and aesthetics. 

The miniaturization of the components needed for cellular technologies, WIFI, 
RFIDs or Bluetooth allow for the integration in wearables, in objects worn on the 
body. If necessary, the computation can be transferred to stationary processors 
gathered in a physical space or portable devices like cell phones or PDAs. Such 
devices already have the ability of computation through programming languages and 
eliminate the necessity to pack all technical functionality into a wearable object or 
garment that thus might loose its practicality and beauty. Current technology and 
research have come a long way in making wearable computing a reality, with smaller, 
and even flexible batteries, sophisticated sensing mechanisms, and powerful, compact 
embedded systems. 

9.3.2   A Reflection on Perception and Function in Fashion 

In the chapter Lumbar Thoughts in Travels in Hyperreality, Umberto Eco describes 
his heightened awareness of his weight gain when wearing a pair of jeans that was 
just a bit too constraining. The slight discomfort changed the perception of himself 
but also his etiquette towards the opposite sex. “Not only did the garment impose a 
demeanor on me, by focusing my attention on demeanor, it obliged me to live towards 
the exterior world” [3]. In our contemporary world fashion is used as a synonym for 
style, dress, adornment, decoration, and clothing. “It could also be said that, while all 
clothing is an adornment, not all clothing is fashion, and that while all fashion is 
dress, not all dress I fashion, for the same reason” [12]. The research conducted by the 
author (Sabine Seymour) is based on the notion that garments are an immediate 
interface to the environment and thus a constant transmitter and receiver of messages, 
emotions, and experiences. The meaning of the surface of a garment “the cult of the 
body as an object of public display” [9] is once again apparent in our culture. T-shirts 
are a public display and allow making a statement to the exterior. The wide popularity 
seems to prove the human need for expression and communication. Besides LED 
signs or plaques, the artist Jenny Holzer also uses t-shirts as a medium for her 
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statements like ‘Abuse of Power Comes as no Surprise’. The use of wearable 
technology allows a dynamic reaction through the garment. Scent, sound, visuals, 
touch, and even taste are translated into immediate conversations with the 
environment or the body area network of the wearer. These real-time reactions are 
based on various inputs. They can be triggered through measuring vital signs of the 
wearer (passive input), interactions with physical switches on the garment (active 
input) or the existence of a specific substance in the environment. 

Referring to his experience Eco notes: “Today they [jeans] are worn also for looks, 
but primarily they are very utilitarian” [3]. Fashionable Technology examines the 
intertwining of aesthetics and function in particular in regards to the use of 
technology. Marshall McLuhan describes clothing as our extended skin. “Clothing, as 
an extension of the skin, can be seen both as a heat-control mechanism and as a means 
of defining the self socially” [10]. Banard describes the functions of clothing or 
fashion as material or cultural. Material functions are protection, concealment, and 
attraction. Cultural functions are communication, individualistic expression, social or 
economic status, political symbol, or religious condition [1].  

Through technology the functions of clothing can be enhanced and new ones are 
defined. Communication in Fashionable Technology refers not to a position in a 
cultural or social order but to the actual networked communication technologies. A 
contextual analysis reveals and defines such aspects of communication, and of 
aesthetics and functionality. Regardless of the tremendous communication aspects of 
fashion, it has rarely enjoyed a very good reputation in the past. “Despite its 
undeniable success as a social and commercial phenomenon, it remains the very 
exemplum of superficiality, frivolity and vanity” [16].  

A view shared by the authors about the aspects of functionality within design and 
technology, J. Redström writes that: "Though phenomenological, sociological and 
other studies have challenged and expanded our understanding of technology, practice 
still seems to be dominated by an instrumental perspective. Central to our 
understanding of technology still lies notions of use, the idea that technology is the 
means for achieving certain ends, often by amplifying the power of our actions." [13] 
He thinks that it is problematic for the design processes that we have a strong 
tendency to describe technology in terms of its functionality. This kind of emphasis 
on functions can entail that design becomes a matter of fixating predefined ways of 
interpreting and using an object. Instead he proposes that thinking of design as 
crafting objects with forms, which require to be interpreted, positions designers (as 
well as users) quite differently in comparison to thinking of design as creating objects 
with functions, which need to be understood. 

9.3.3   The Epidermis as Interface 

“Fashionable Technologies enhance the cognitive characteristics of our epidermis – 
the surface of our body and the largest human organ. The epidermis, or the skin, is our 
principle communicator of emotional and physical states. The human skin has 
obvious communication abilities. It communicates through blushing, sweating, and 
variations in tension and temperature. These localized variants can be extended 
through the use of sensor and actuator technologies. The sensors are able to detect 
signals from the skin and the actuators can in turn produce certain types of sonic or 
haptic output. Reciprocally, this output can appeal to our physiological senses” [14]. 
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“Helmut Lang’s fashion often showed skin at the expense of figure. It played upon 
the theme of fabric as second skin” [19]. In Fashionable Technology the term second 
skin refers to the use of high-tech materials or ‘enhanced’ textiles. The skin, however, 
can also be a hinderer of functionality. When moist it conducts electricity and can 
conflict with the conductive properties of a conductive yarn. Such yarn is often best 
affixed on the surface of the textile to avoid the risk of touching the skin. 

Electronic textiles or materials result from the integration of technology and thus 
enhancing its properties to become an interface. All wearable technologies are closely 
related to electronic textiles – both having technology as its core. “Many labels 
[fashion] are returning to traditional processes, couture principles, and craft 
techniques to distinguish their garments from mass-produced fashion brands, drawing 
on both new and traditional textile methodology to create an aesthetic for the future” 
[12]. This movement enables the transfer of knowledge in garment construction and 
the understanding of the body. The interaction with conductive metal-based buttons, 
zippers, or hooks is intuitive and can simply be transferred to the closing and opening 
of an electronic circuit. Such know-how can only be acquired through the 
collaboration of fashion and textiles designers and technologists. 

Gemperle created a guideline for wearability noting placement, form language, 
human movement, proximity, sizing, attachments, containment, weight, accessibility, 
sensory interaction, thermal, aesthetics, and long-term use. The list is still a useful 
start for dealing with wearable technologies on our body to create an interface. 
Gemperle notes: “A product that is wearable should have wearability. Wearability is 
defined as the interaction between the human body and the wearable object. Dynamic 
wearability extends that definition to include the human body in motion” [4]. 

9.4   Conclusion 

The author’s (Sabine Seymour) focus on garments that are seen, felt, heard, and 
touched demand greater collaboration within scientists, designers, and artists to 
transform textile processes and products. The emergence of conductive and electronic 
materials enables the creation of fashionable electronically controlled garments, while 
ensuring their wearability. Such collaborations require the involvement of fields like 
biology as demonstrated by the projects Victimless Leather by Ionat Zurr and Oron 
Catts or BioCouture by Suzanne Lee. The need for inspiration through fashion design 
was perfectly demonstrated by Hussein Chalayan in his collaboration with the 
London-based studio that built the animatronics. Fabrican by Manuel Torres is based 
in science as well as in fashion. But also the involvement of philosophers, 
anthropologists, and psychologists needs to surface in Fashionable Technology.  

The research and projects by the author (Sabine Seymour) and her students at the 
department Interface Culture at the University of Applied Arts and Design in Linz, 
Austria focus on the garment as interface. Transitive materials, ubiquitous computing, 
sensor technologies, and ‘digital’ craft are the main components of the works. The 
significance of Fashionable Technology as an emerging field is apparent. Fashionable 
wearables must engage the wearer through the mechanisms of fashion. Wearables, 
objects or garments, must become more than mere mediators of perception. They 
must become communicators of style.  
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The Hybrid City: Augmented Reality for Interactive 
Artworks in the Public Space 

Clara Boj and Diego Díaz  

www.lalalab.org 

Abstract. Based on the idea of hybrid space (understood as the result of the transformation of 
the actual models of perception of reality through the effect of the development of technologi-
cal systems), we propose to use mixed and augmented reality systems to create interactive 
artwork that facilitates the real and effective integration of information and communication 
systems into the physical public space. This will propitiate new ways of understanding and 
living in the city. 

10.1   Introduction 

Cities are elements in continuous transformation. The increasingly fast assimilation of 
technological devices in urban space, the advances in ubiquitous computing and em-
bedded technologies, raise the question of how city space will respond to such trans-
formations. What are the material and symbolic effects of the integration between the 
real and the synthetic on urban space? How can we effectively combine urbanism and 
architecture with information and communication networks? 

New developments in mixed-reality technologies make a new configuration of hy-
brid space, between physical and digital, possible. The first part of this chapter ana-
lyzes the fundamentals of augmented reality, the main systems and applications. It 
also introduces some of the agents in this research area with special attention to out-
door augmented reality systems. Then we present the application of some of these 
systems and tools in the creation of an interactive artwork in the public space to 
stimulate public activity in the city. 

10.2   Digital Perception of Reality: From Virtual Reality to Mixed 
Reality 

Although the first investigations in virtual environments [1] were initiated in the 60’s, 
it wasn’t until the late 80’s and early 90’s when, due to the greater advances in 
graphic image processing in real time and sensor technologies, a more intense re-
search in Virtual Reality [2] was undertaken.  

At that time, Virtual Reality was understood as a connetion door to a new com-
puter-generated world which was possible to transit (or surf) and experience through 
different, more or less immersive, visualization devices. The first experiences in vir-
tual reality made us forget the perception of our own physical body and put us in a 
synthetic space, modeled according to a designer’s criteria, which could introduce 
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some random parameters to modify or generate the environment while we were walk-
ing through it. The invention of virtual reality became a big revolution on a technical 
and symbolic level: it promised a new reality far away from bodily constrictions and 
related to a new model of sensorial perception [3]. 

Nevertheless, leaving the body behind, which was really appreciated in the begin-
ning, rapidly became the main inconvenience of this new paradigm. Virtual environ-
ment perception was, in a way, mutilated by the lost of spatial references offered to 
the body by the senses, by the balance, and the feeling of one’s own presence [4] in 
relation to the other elements in the environment. 

Research in virtual reality has improved enormously since the earliest stages. But 
at the same time, great interest has arisen in exploring the intermediate territory be-
tween both paradigms, between real and virtual, between physical environments and 
digital environments, promising to solve some of the perceptive problems of the vir-
tual reality [5]. 

Mixed Reality refers to the technology that combines, in a given space and time, 
physical elements from the real world and computer generated objects. The first ap-
proaches in that direction appeared accidentally during the development of the first 
Head Mounted Display by Sutherland [6], who was using a see-through device that 
allowed one to see the real surroundings and virtual objects simultaneously. As Suth-
erland main goals were others, this initial approach was forgotten and was only used 
much later when interest in Mixed Reality aroused.  

At present, Mixed Reality is understood as the incorporation of virtual objects into 
a three-dimensional real space or, alternatively, the incorporation of real elements in a 
synthetic digitally-generated environment [7]. 

Some research approaches understand mixed reality as subcategories of virtual re-
ality. However the classification most extended among researchers is based on the 
reality-virtuality continuum of Milgram and Kishino [8] that establishes a progression 
from the completely real to the completely virtual as opposite borders of a continuous 
line. On one extreme of this continuum we find virtual reality, where all the elements 
are digitally generated, and on the same line’s other extreme we find reality as we 
perceive it through our senses, without using any technological devices. 

 

Fig. 10.1. Milgram’s Reality-Virtuality Continuum 

Mixed Reality is anywhere between the extremes of the continuum, formed by all 
those situations that combine real and virtual elements. Ranging in between, we find 
augmented reality and virtual reality.  The position on the continuum offers us a clear 
reference as to the amount of virtuality or reality shared with the extreme. Augmented 
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reality refers to the incorporation of digital elements in a three-dimensional real space. 
Augmented virtuality refers to the incorporation of real elements in a three-
dimensional computer generated environment.  

10.3   Defining Augmented Reality 

Augmented Reality combines real and virtual elements which can be interacted with. 
In contrast with Virtual Reality, where the user is introduced inside a fully immersive 
digital environment, which takes away his real surroundings, AR allows us to see the 
real world at anytime, but augmented with virtual objects that, in an ideal situation, 
seem to be physically present in the space. As opposed to RV, which replaces reality, 
AR complements it. 

An augmented reality experience must include 3 main characteristics: 
 

1- Combines real and virtual elements. 
2- Is interactive in real time. 
3- Is registered in three dimensions [9]. 
 

Some authors add a fourth characteristic, suggesting that to have a satisfactory per-
ception of the augmented environment, real and virtual elements must be aligned, that 
is, their positions must correspond with the coordinates of the real world. 

Augmented Reality makes it possible to add virtual objects to the real world but it 
can also potentially make real elements disappear from the scene. Some researchers 
call this experience mediated or diminished reality, although it can be considered a 
subset of AR. Research has been developed more intensively in the former way (add-
ing). It can be also applied to the other senses, not only the sense of sight. For exam-
ple, by adding directional 3D sound to the environment or even by filtering some 
sounds [10]. Another direction of Augmented Reality research is haptics, using de-
vices with tactile responses, in accordance with the position of virtual elements on the 
real space, augmenting their virtual presence [11].  

Augmented reality technology applications combine different software and hard-
ware techniques to make possible fast, stable, robust and efficient experiences of 
interactive real-time, three-dimensional environments where real and virtual objects 
are mixed together [12]. Several aspects must be taken into account but the key point 
of any AR application is to calculate with accuracy the position and orientation that 
virtual objects must have in the real space in relation to the observer’s position. This 
must be visualized in real time. To address these issues several techniques have been 
developed: from using magnetic sensors and geo-spatial location systems to computer 
vision techniques for identifying visual tags. We will explain these later in this  
chapter.  

In addition, at the present, it is also possible to integrate and use almost every in-
teractive and graphical feature of 3D video games in an augmented reality system. 
Light and ambience effects, physics programming, complex systems interactions, 
graphic rendering and processing, artificial intelligence programming, etc. can be 
integrated in an augmented reality environment to make the experience more realistic. 
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10.3.1   Augmented Reality Interaction 

Augmented reality creates a new interactive relationship between humans and com-
puters. This new paradigm was expected to revolutionize the Graphical User Interface 
developments, taking away the traditional desk metaphor in the operative systems and 
replacing it with a user’s interface, physically distributed on the space and controlled 
by tangible elements. [13] [14] [15].   

Later, the goals of this initial research have expanded to other areas. Specific appli-
cations have been developed to integrate digital information on the real image to help 
workers do a complicated task, such as medical operations, mechanic reparations, 
architectural visualizations, etc…Those systems frequently incorporate physical ele-
ments like interactive devices which require the user’s manipulation.  

Augmented Reality presents several factors of interest to Human Computer Inter-
action research: 

 

- Spatial interaction. virtual interactive space is no longer limited to the bi-
dimensional resolution of the screen monitor. It is expanded to 360 degrees of 
physical three-dimensional space. Real physical space becomes an interactive 
environment and users can walk through it, interacting with the system. This 
makes it possible to potentially extend the system to any location.  

- Tangible interaction. Using augmented reality we are able to see digital informa-
tion directly annotated over real objects. Almost any real element can act as a 
navigation tool for manipulating data [16]. This creates a more symbolic relation 
between users and interface objects [17]. 

 

These capabilities can be extended by combining AR technologies with multi-user 
systems and remote interaction; connecting users in different locations, expanding the 
complexity and dynamism of AR applications. 

10.3.2   Augmented Reality Processing 

Augmented Reality experiences are created through different processes that take place 
independently of the technologies used. 

 

- Identification. The system must know the position of orientation of both the user 
and objects surrounding him. Accuracy and rapidity are required, even if the 
user is in movement.  

- Registration or calculation of the position and orientation of virtual objects in 
the space. We need to know the relationship between users and virtual elements 
and compare the data with that which has already been predefined in the system. 
Real and virtual objects must be correctly aligned or the illusion of the presence 
of virtual objects in the space will be compromised.  To get a precise registra-
tion is one of the big challenges of AR, to allow an optimal stability of the sys-
tem. Some filters can be used to eliminate unnecessary information.  

- Rendering. Once the system knows the position and orientation data of every 
element, the rendering process is started in real time. Due to AR relays in the 
combination of graphical elements in real space, realistic and effective rendering 
methods are very important. In some AR applications we may need to combine 
virtual and real elements in a way that users can not distinguish. Photo-realistic 
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rendering techniques are therefore required. Elements must be integrated in a 
consistent way, resolving occlusion problems [18] [19], shadow casting and in-
ter-reflection issues [20]. Realistic lighting behaviors, like ray-tracing and radi-
osity, are beneficial [21] [22]. At present, the integration of these rendering 
techniques can be used in an application that doesn’t need a real time frame rate. 
For interactive applications in real time we will need to depreciate graphical 
process that can slow the system. The actual increase of real time processing in 
graphic hardware and the new possibilities of the Real Time Shading Languages 
open possibilities for more photo-realistic and complex rendering.  

- Visual feedback. Once objects are rendered, they must be shown to the user in 
the position and orientation registered. There are several technologies to display 
this information. Head Mounted Display is maybe the most common but they 
still have some optical limitations, such as a limited vision field and fix focus, 
limited resolution and instability and weight and size, referring to human factors.  

- Interaction. Users of an augmented reality system can interact with the environ-
ment by moving, walking through the space or touching real and virtual objects. 
This action will cause a continuous repetition of the process described above to 
actualize the visual information in real time [23]. It is possible to add other tools 
such as sensors to add more complex interaction capabilities to the system. 

10.3.3   Common Standards in Augmented Reality 

Augmented Reality has opened a vast field of applications. In 1997 Azuma [24] iden-
tified six classes of potential AR applications: medical, manufacturing and repair, 
annotation and visualization, robot path planning, entertainment, military aircraft 
navigation and targeting.  

Present research has widely surpassed these expectations. Now different research is 
under development in investigation areas such as education, psychology, publicity, 
sports training, urban planning, etc. These applications combine tracking techniques 
and hardware setups and a significantly high number of technical variations have been 
developed.  

We can classify these technologies depending on the different processes in which 
they act: tracking and sensing to identify and register the real environment and visual 
displays to represent the final information for the users.  

10.3.3.1   Augmented Reality Tracking Technologies 
Many existing technologies are used, from computer vision base techniques to a com-
bination of different sensors for spatial location. Using one or another will depend on 
the application we want to develop and its special condition: placement, number of 
users, accuracy required, etc. We will use different tracking systems, for example, for 
outdoor or indoor applications. We will describe here the more widely used. 

10.3.3.1.1   Marker Tracking. Computer Vision Based Pattern Recognition. This tech-
nique is based on the analysis of real time video images. The system analyzes the 
stream of images captured by the camera, looking for specific patterns, generally 
fiducials, and calculating their position and orientation in the geometrical three-
dimensional space. A number of researchers are investigating fiducial vision based 
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Fig. 10.2. Example ARToolKit Fiducial 

tracking [25]. ARToolKit developed by Kato and Billinghurst [26] is the first set of 
computer vision tracking libraries that can be used to calculate camera position and 
orientation in relationship to to physical markers in real time. 

ARToolKit features include the use of a single camera for position/orientation 
tracking, fiducial tracking from simple black squares, pattern matching software that 
allows any marker patterns to be used, calibration code for video and optical see-
through applications, and a sufficiently fast performance for real-time augmented 
reality applications. The fiducial markers are known-sized squares with high contrast 
patterns in their centers. The ARToolKit determines the relative distances and orienta-
tion of the marker from the camera. In addition, the ArToolKit incorporates a calibra-
tion application to determine the placement of the camera relative to the user’s line of 
vision, thus the ARToolKit can determine proper placement of graphical objects for 
AR applications. 

ARToolKit was released in the late 90’s and has given rise to other tools such as 
ArtoolKitPlus [27], Artag [28], Dart [29], etc. Those tools have given way to a great 
number of applications in the field of education [30] and architectonic research [31]. 
Magic Book [32] is a very simple application in which several markers are integrated 
between the book pages. Several digital elements are superimposed to this marker and 
the reader accesses the augmented content of the book by using an HMD or through 
the computer screen. Fiducial marker tracking is also very useful in office applica-
tions such as the augmented reality desk [33] and in sound interfaces such as Re-
actable [34], an application that acts like a music synthesizer using specially designed 
markers that, once detected, configures the visual and musical composition.  

These tools make possible a rapid development of low cost prototypes because it re-
quires a basic system with a web cam and some printed markers and it offers a high de-
gree of stability and robustness. They are also easily integrable with graphic program-
ming libraries for video game development. Marker tracking systems are really extended 
between researchers but they present some constrictions due to real environment lighting 
limitations. Bad scene lighting will make the system work incorrectly. This technique is 
especially suitable for indoor situations with controlled lighting. Also, this system re-
quires the addition of artificial elements to the environment, which is not always possible.  
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10.3.3.1.2   Markerless Tracking/Natural Feature Tracking. New advances in vision 
based tracking systems don’t require fiducial markers to be placed on the scene [35] 
[36]. A new approach has been developed to detect and track the natural features of 
unprepared scenes from sequential images, such as textures or corners. This method 
uses different algorithms to find the most reliable feature points in the image. Then, 
those detected points are matched in different images. Furthermore, motion parame-
ters are occasionally calculated and motion prediction is used to minimize the search-
ing scope in the next step.  

By using a database with the chosen environment’s information, it is possible to 
search for predefined elements comparing real time camera images with existing data 
[37]. It is also possible to look for unknown elements on the image but these tech-
niques are still under development [38]. This was usually used for visual effects dur-
ing the post-production process, but now, due to advances in computer processing, it 
can be done in real time [39] [40].  

The advantage of this method is that it allows a transparent and immediate tracking 
of the scene, which can theoretically be implemented in any place at a low cost, propi-
tiating a great number of new applications. As other systems of vision based tracking, 
it depends on light conditions and dynamic environments can not be easily registered. 
Identification of mobile visual tags is unstable and it requires a great amount of proc-
essing power, making it useless for portable applications. 

10.3.3.1.3   Sensorial Tracking. As mentioned before, in some situations it can be 
useful to use techniques that don’t require modifying the real environment. The use of 
position and orientation sensors can be an alternative. For example the use of a com-
pass/gyroscope tracker gives us motion-stabilized orientation measurements com-
bined with Global Position System (GPS) which calculates the position of the user on 
the space. Those systems are commercially available and their cost, although not very 
expensive, limits their use to research context.  

Their operation is based on physical principles [41] such as Time of Flight TOF, 
which consists in measuring the distance between different features attached on one 
side to a reference and on the other side to a moving target. Distances are determined 
by measuring the temporal difference in the signal reception from one emitter to sev-
eral receivers. The implementation of these calculations can be done with ultrasonic 
sensors, pulsed infrared laser-diode, GPS, optical gyroscopes, etc. 

They are frequently used in Virtual Reality applications such as CAVE [42] in 
which people wear an attached magnetic sensor to know their position and head orien-
tation. We can see other examples in the first investigations of Livingston and Andrei 
[43]. 

The advantage of that system is its easy adaptation to any kind of application. 
However, some of these devices accumulate errors with time, which happens with 
magnetic sensors, or have a limited accuracy in a given context, which occurs with 
GPS. Their cost is relatively high and their use is not generalized. It is frequent to use 
hybrid tracking systems where data are registered through two or more devices. A 
traditional hybrid set-up combines a number of systems such as inertial, optical, elec-
tro-magnetic and GPS [44] [45]. 
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10.3.3.2   Augmented Reality Display Technologies 
Obtaining satisfactory results when creating AR depends on the visualization device 
used. There is still no such thing as a perfect display. 40 years after the development 
of Shuterland’s first HMD [46] technical limitations still make this issue a challenge. 
We can differentiate between common approaches: body worn displays, hand-held 
devices and projection base displays.  

10.3.3.2.1   Body Worn Displays. These systems have been specially designed for 
Mobile AR. Traditional backpack systems include a notebook computer, an HMD, 
cameras and additional support hardware. Mobility is imitated by energy consumma-
tion and the weight of the equipment; one approach is to move some of the computa-
tion load to remote servers, reducing the equipment the user must wear.  

As for HMD, we can differentiate between 2 kinds: optical and video HMD. Opti-
cal or see-through HMD is composed of a transparent pane of glass on which digital 
information is projected. In this way the user can see virtual elements superimposed 
to the real image of the environment. Video HMD is composed of small LCD screens 
that prevent the user from seeing directly around him. Those devices use 1 or 2 cam-
eras (for stereo vision) to show the image through the LCD [47]. Another method is 
the “virtual retinal display” [48] which creates images directly on the retina with low 
power lasers whose modulated beams are scanned by microelectro-mechanical mirror 
assemblies that sweep the beam horizontally and vertically. Its potential advantages 
are high brightness and contract, low power consumption and large depth of field in 
contrast with video or optical HMD, in which low resolution, brightness and contrast 
don’t propitiate a good mixture of virtual and real images [49]. 

10.3.3.2.2   Hand Held Displays. Handheld computers, mobile phones and personal 
digital assistants have the potential to introduce Augmented Reality to large audi-
ences. Thanks to the increase in the processing capacities of mobile devices, com-
bined with utilities such as digital cameras and GPS, it has recently been possible to 
develop augmented reality applications which are much lighter and more portable, 
making them especially suitable for outdoor situations. This kind of interface is com-
monly known as the “magic lens metaphor” because users look through the small 
screen of the mobile device as if it were a lens, and they can see the surroundings 
augmented. Its interesting applications for gamming, education and entertainment are 
under development, including multi-user interaction. However, there are still some 
limitations due to the limited computation capabilities, the batteries’ lifespan or the 
limited brightness and size of the screens.  

Invisible Train [50] is the first real multi-user Augmented Reality application for 
handheld devices (PDAs), in which users control virtual trains on a real wooden 
miniature railroad track. This system was developed using Studierstube [51], a soft-
ware framework designed to accelerate the task of developing and deploying collabo-
rative Augmented Reality applications on handheld devices. 

10.3.3.2.3   Projection Base Displays –Spatial Augmented Reality. Some AR applica-
tions, such as museum displays, don’t always require mobile systems because the 
whole experience is developed under controlled indoor parameters. In these cases, 
projection base display systems can be a good solution.  
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Those systems offer several advantages in relation to image quality, resolution, 
field of view, focus, etc. and also in relation to tracking techniques and human factors, 
because conditions are stable and users are not forced to wear heavy displays, allow-
ing greater freedom of movement. Those systems are nevertheless limited to static 
applications but some mobile projectors are under development. Researchers in this 
area define this technique as spatial augmented reality [52], consisting in several 
methods to project directly over the real objects or to create reflections using translu-
cent glass or mirrors.  

10.4   Integrating Augmented Reality Technologies to the Urban 
Space 

Urban planning is one of the main application areas of augmented reality technolo-
gies. Investigation in that direction is usually limited to the visualization of scaled 
models of planned construction projects or archeological reconstruction of historical 
buildings. 

Although these projects are very innovative, they don’t take into account the possi-
bilities for perception, interaction and participation that augmented reality can offer 
the user, which may be directly applied to the urban space. Not just as representation 
of ideas, but as direct actions within the city context.  

Outdoor augmented reality research is a field in continuous expansion. At first, 
navigation maps and past and future events visualization were thought of as the main 
applications areas, but interest has risen in contexts such as video games in the public 
space, tourist attractions and even military projects for territory exploration. 

Nevertheless, current developments have encountered difficulties, which have been 
especially detected when working with open air space, where environmental condi-
tions create problems not detected in indoor systems: lighting, energy consummation, 
maintenance, etc. In an outdoor AR experience, the user is mobile and able to walk 
through the information space and usually needs to interact with the system with a 
simple hand interface, allowing him freedom of movement and stability.  

In ideal conditions, outdoor AR application users should be able to wear an AR 
display and walk around with no restrictions. The scene generator, display and track-
ing system must be self-contained and capable of withstanding exposure to the envi-
ronment.  

Some challenges identified for outdoor AR [53]: 
 
- Size, weight and power issues, and all issues related with the ergonomic aspects 

of a wearable PC system. When a user walks around the outdoors on his own 
and must carry batteries, the computer and all other resources, then size, weight 
and power issues become very significant concerns. Developments in laptops, 
wearable PCs, PDAs and other upcoming portable devices may provide im-
provements that outdoor AR systems can use to their advantage. 

- Displays. Due to light conditions, displays are required which have sufficient 
contrast for working in outdoor settings. Attention must be paid to the choice of 
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screen colors for purely virtual images, which the application must display, be-
cause of the lighting conditions and background colors of the outdoors.  

Also, the dynamic range of the real world must be compressed into the range 
of the output monitor, which is generally much smaller. The resolution of the 
display monitor is much lower than the resolution of the human eye. These 
cause a loss of detail that may not be acceptable in some applications. The dis-
play’s field of vision must be calibrated to the physical world. 

- Tracking. The user’s position and orientation must be determined with sufficient 
accuracy to avoid significant registration errors. In open air situations we have 
much less control over the environment and we can not usually modify it to fit 
our needs. The tracking technologies available for the outdoors include GPS, In-
ertial Sensors, Active sources, such as transmitters and receivers, electronic 
compasses and optical sensors, such as web cams or surveillance cameras. None 
of these system provide a complete solution for the outdoors: GPS covers the 
user’s 3D position but can not measure the orientation; Inertial sensors accumu-
late errors with time and other approaches, such as computer vision techniques, 
are not currently robust enough and are dependent on light conditions.  

 

Present developments in outdoor AR work are surpassing these limitations by 
combining several techniques on wearable computers, displaying information and 
tracking. Hybrid tracking, using 2 or more technologies, has resulted in an overall 
system that behaves more robustly than with each sensor applied individually [54]. 

ARQuake is an extension of the desktop game Quake, and has been converted into 
an outdoor-indoor mobile augmented reality application [55]. Mobile Users wear a 
backpack system with Head Mounted Display and can walk through a limited open air 
area fighting with virtual monsters that appear in the real space. It combines GPS, 
magnetic compass and vision-base optical tracking. When GPS is unavailable, the 
system switches to visual tracking derived from the ARToolKit. The rendering of 
virtual elements has been adapted to daylight conditions, using colors easily seen over 
the real background.  

LifeClipper [56] is an audiovisual walking experience in the public space. When 
walking around in a chosen culturally interesting area, the visitor’s position and view-
ing direction is measured by means of a GPS and magnetic compass. The found situa-
tion is augmented with images displayed on HMD and sound through the headphones. 
Registration accuracy is not essential in this kind of application so minor misalign-
ments between the physical world and the virtual elements don’t drastically affect the 
user’s final perception.  

Vidente [57] is a project meant to support the field work process. Field workers 
equipped with a mobile device, such as a Mini Tablet PC, can point towards a particu-
lar surface of interest and are provided with real time visualization of the subsurface 
network of cables and pipes for the chosen spot. This system combines inertial sen-
sors with GPS information.  

A number of outdoor AR [58] [59] [60] [61] researchers agree that a new attitude 
is needed concerning AR technologies in the public space. Future applications must 
be built in parallel to the urban space, surpassing techniques limitations. We must 
consider the possibility of incorporating AR practice into urban space design, not only 
as a pre-visualization tool during design stages, but as an constructive element with its 
own identity, able to articulate the connection between the physical urban space of 
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our cities’ streets and buildings with virtual public spaces which have arisen in the 
context of Internet and the new mobile communication tools. In this way, AR would 
configure new communication and information capabilities in connection with the 
city’s context.  

Based on those considerations, we have created an interactive artwork, which shall 
be described here in more detail.  

10.5   Free Network Visible Network: Data Visualization and 
Location Base Information in the City Using Augmented 
Reality  

Considering hybrid space as the new paradigm for people’s experiences, we have 
developed an interactive artwork whose main goal is to bring people closer to the 
knowledge of this new environment. It also encourages people to actively participate 
in city design through physical and digital approaches. Free Network Visible Network 
proposes the visualization with augmented reality of the flows of data between wire-
less networks. At the same time, it is presented as a new tool for digital communica-
tion on the public space; users are able to dynamically superimpose text messages, 
video, static images, 3D models and sound to the real space.  

 

Fig. 10.3. A person using the FNVN project 

In last 20 years, digital information has floated into our lives. No matter where we 
are, even if we are not able to see it, we know that we are completely surrounded by 
data. This data contains information, ideas, feelings and emotions. The space of digi-
tal wireless networks is also the space of invisible meanings that connect people.  

The metaphoric representation of these invisible meanings within augmented real-
ity intends to act on the urban landscape as a medium to create new strategies in the 
public domain and to re-think the concept of public space. By representing the infor-
mation that is continuously circulating between the nodes of a wireless network, we 
will obtain a visual map of the hybrid city, of the layers and compositions that infor-
mation creates while flowing and mixing with the physical environment.  
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In another approach, placing digital information in specific locations in urban 
space expands the narrative possibilities and communicative expressions of the tradi-
tional city space and improves the city-citizens interaction. Our cities’ physical space 
and architecture have different levels of meanings, visible and invisible, depending on 
our approach to them, from a personal or historical point of view, their practical 
value, aesthetics, the tactile and visual emotions provided by the materials, etc. The 
digital information added to these sites is nourished with all this content. It is com-
plemented by the symbolic value of the specific location. These strategies are also 
very interesting on a practical level, because the information comes to us as related to 
the place, which can be useful or symbolically important for us [62] [63]. 

10.5.1   Free Network Visible Network System Overview 

Free Network Visible Network is composed of different kinds of tools and actions that, 
as a whole, create an experience for urban interaction and communication. It has been 
installed in different contexts with small variations, to better adapt to the specific con-
figuration of the place. It is possible to see these versions in http://www.lala-
lab.org/redvisible.htm 

Basically, this is a project acting in areas where a free-access urban wireless net-
work exists. By demarcating the different nodes of the network with different visual 
tags, our system gives users the opportunity to send information directly to specific 
locations while other users make a tour through the city, accessing this information in 
situ.  

Free Network Visible Network consists of different elements: 
 

- A signalization system for urban wireless networks 
- A Visible network server, allowing communication and the exchange of infor-

mation between all the connected visible network clients. 
- A Visible network client, for interaction with the network and the public space. 
- A wearable computing system to walk through the city and access the informa-

tion 

10.5.1.1   Urban Demarcation of Wireless Networks 
Since the beginning of the expansion of the wireless network for digital data inter-
change, several social initiatives have raised to encourage the collective use of the 
wireless networks. These proposals demand the freedom of citizens to administrate 
the digital space in a free manner. The property of wave space and the necessity of 
universal access to the resources and information circulating on the networks is the 
leitmotiv of projects like warchalking [64], a term that refers to the action of walking 
through the streets looking for WIFI nodes, drawing a small chalk icon to help other 
people identify them without difficulties. Warchalking movement uses some stan-
dards symbols to identify different kind of nodes. In our project we use different  
designs and messages inside a predefined frame. This frame corresponds with the 
fiducial marker design of MXRToolKit, printed on large format papers. Some authors 
[65] consider that in the outdoors and in unprepared environments using mobile AR 
applications, it generally isn’t practical to cover the environment with markers. How-
ever we choose this method because markers on the street will have a multiple  
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Fig. 10.4. FNVN demarcation of wireless network 

symbolic and practical function: first, they are a direct message depending on their 
design, also they indicate a free node of a network and finally, when using the free 
network software, they can be used as activators of the whole augmented reality  
system.   

10.5.1.2   Visible Network Server 
With this technology we can establish communication dynamics between all the users 
of the system connected to the network. Ideally, a server program must be run by an 
independent computer connected to the network. This software will be turned on, 
listening for any client demand. Each time a software client asks to be connected to 
the server, the last updated configuration of the whole system will be sent out. Each 
time a client/user modifies the information superimposed on any of the markers, this 
information is sent to the server, which automatically resends it to all the clients con-
nected. Each information package contains, depending on the situation, an image, a 
3D model, sound, video or a text message. The server program will send only the last 
modification sent by a user. For each new user connected to the network, the server 
will send the whole data package in use at that time, that is, one for every visual 
marker with associated information. 

10.5.1.3   Visible Network Client 
This software establishes direct relationships between physical markers placed on the 
street and the virtual digital information that is floating in the air or superimposed on 
the marker. It is mainly based on computer vision using pattern recognition; we 
mainly use the MXRToolKit, an open source library, adapted to our project’s needs 
and combined with other functions to extend the interaction between system and user. 
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Fig. 10.5. FNVN Client 

MxRtoolkit  [66] is used for the identification and registration process of the real time 
video image, looking for visual markers in public space. Parallel to these processes, 
other tools will give us the information that is flowing on the network and using 
OPENGL [67]. It will be represented and rendered over the video image. 

The main elements of this software are: 
 

- The Network sniffer, which gives us information about the data circulating on 
the wireless card. Initially this tool was based on the Carnivore PE [68] server, a 
project by Radical Software Group and in the WINPCAP [69]. In later versions 
we have improved and adapted this element to our specific needs.  

Once we get the network data, this information is processed and transformed 
in shapes of various sizes and bright colors. In the configuration menu we have 
the possibility of choosing between different kinds of shapes: cubes, cylinders, 
cones or rings. We can distinguish what kind of information is circulating on the 
network depending on those different shapes.  

If there is some data flow, that information will be stored in a data structure, 
such as the sender and receiver’s IP address, port number, data type, the length 
of each data package, etc. We use port number information to decide whether 
the virtual object is a cube, a cone, a cylinder or a ring.  

The last three entries in the IP information are used to determine the scale of 
the virtual object in x, y and z direction. Every data package transmission de-
tected by the sniffer will be used to create a virtual object. The color will remain 
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the same if the data transmission is done through the same port number, other-
wise the system will randomly select a new color for the virtual object. If the 
sender IP address on the data package is the same as the user’s local IP, the cor-
responding virtual object will be flying from the camera position to the marker 
position, indicating the direction of data flow. If the receiver’s IP address is the 
same as the user’s local IP, the virtual objects will be flying from the marker 
towards the camera.  

- The configuration menu and input processing, on the right side of the GUI. Us-
ing this tool we can choose a specific marker, from a thumbnail list. Using a 
small text editor, we can write messages and send them directly to this marker’s 
specific location. In this menu we can also browse any image file, 3D model, 
sound or video from our hard disk and send it to the marker.  

- The graphic display window, on the upper center side of the GUI. This window 
displays the visual experience of augmented reality. We can visualize the real 
time images of the web cam with elements superimposed on the visual markers. 
It also shows the representation of the data packages registered by the sniffer, 
flying from one marker to another.  

- A web browser, at the bottom of the graphical interface. We can surf the www 
and create data traffic that will be processed, transformed in colorful shapes and 
represented floating in the air in the graphic display window. 

10.5.1.4   Wearable Computing System 
Different kinds of users can experience Free Network Visible Network: those who use 
a laptop equipped with a web cam and connected to the wireless network and those 
who wear a specially designed wearable computer system and experience the aug-
mented reality through a head mounted display while walking through the streets.  

As described previously, in the visible network client software there is a graphic 
display window to visualize the augmented environment. Displaying information in 
this manner is easily accessible and economic for every user, however, it does not 
have the same immersion possibilities and it is limited by the mobility of the laptop 
and the screen visibility in the open air. We make a difference between static users 
who interact through a conventional laptop and dynamic users who utilize the mobile 
wearable computer system.  

This system consists in a laptop inserted in a specially adapted, rigid backpack 
which provides stability for the functioning of the system. This computer is equipped 
with a wireless card and connected to a head mounted display with a web cam on the 
top. Due to the resolution limitations of these kinds of devices, a special version of the 
visible network client has been designed to adapt the screen size. In this version, users 
can only visualize the graphic display window in which virtual elements are superim-
posed on to the video in real time. The configuration window and web browser have 
been removed.  

Dynamic users can walk through the city using the backpack. When observing the 
areas signaled with visual markers, the software connects automatically to the server 
and asks for the information available for this marker. At the same time, all the com-
munication between client and server is represented as geometric shapes floating in 
the air. Dynamic users access the information, updated by other users from their static 
positions, which can then be connected to any part of the network. 
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Fig. 10.6. Dynamic user 

10.6   Conclusions and Outlook 

We have described here an augmented reality interactive system for a public space 
which enables visualizations of the digital data flows between wireless networks. At 
the same time this system becomes a communication media that combines digital 
elements with specific locations on the public space. While other researchers in out-
door augmented reality focus their attention on surpassing the technical limitations of 
open air systems, our project is especially committed to configuring a new under-
standing of public spaces, such as the constant transformation of elements and para-
digms specific to the tangible city augmented with digital information dynamically 
updated through the networks.  

Ubiquitous and mobile computing developments bring citizens the possibility of 
accessing digital information anytime, anyplace. However, locating this information 
in specific places on the urban landscape enriches the perception of both environ-
ments, virtual and real, and generates new approaches for the perception of reality. 
Our system is designed as a democratic media for the collective use of the hybrid 
public space. Any user is able to add information to a specific site and this informa-
tion will be accessible in situ to other users. Research in this area is fundamentally 
designed for architectural or entertainment purposes. Free Network Visible Network 
establishes a direct relationship with citizens, offering people a tool of free expression 
for the new public spaces. Free Network Visible Network is distributed freely through 
the project website.  

Technically, our project is quite similar to previous applications for outdoor Aug-
mented Reality. Several similarities can be found with projects analyzed in this chap-
ter, such as ARQuake, LifeClipper, etc. Conceptually it is more related to the current 
state of locative media investigations, and is directly related to other geo-terrestrial 
annotation projects, some of them commercially available, such as the popular Google 
Earth [70], wikimaps [71], Stickymap [72] or OpenStreetMap [73]. All these systems 
are available through Internet and some of them allow direct access through mobile 
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phones and PDAs [74]. Information can be downloaded even on the street, such as 
google map data, but some of these systems don’t give users the ability to add infor-
mation to the system. These projects use 2D or 3D maps visualization or satellite 
images where information is annotated. Considering all these pre-existing applica-
tions, we think our project adds an interesting approach to location base information 
technologies, combining the same strategies with augmented reality technologies 
which allows users to directly access information in situ and superimposed on the real 
surroundings.  

Future research will expand the system to new interaction forms, offering users the 
possibility of adding or modifying information directly on site. A new version of the 
client-server software will be developed in conjunction with wikimap, to create AR-
wikimap, in which users can see the information and geo-annotate data directly on the 
public space but also through the Internet. In this way, it will be possible to access to 
the project website and add information that will be geo-annotated to the real space 
and to the digital map. The system will also be expanded to other devices such PDAs 
and mobile phones.  
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Appendix 10.1: Toolkits and Authoring for Augmented Reality 

AMIRE: http://www.amire.net/ 
ARTAG: http://www.artag.net/ 
ARTOOLKIT: http://artoolkit.sourceforge.net/ 
BAZAR: http://cvlab.epfl.ch/software/bazar/ 
DART: http://www.gvu.gatech.edu/dart/ 
JARTOOLKIT: http://jerry.c-lab.de/jartoolkit/ 
MARS: http://www1.cs.columbia.edu/graphics/projects/mars/ 
MXRTOOLKIT: http://mxrtoolkit.sourceforge.net/ 
MIXED REALITY TOOLKIT: http://www.cs.ucl.ac.uk/staff/r.freeman/ 
MRPLANET: http://sourceforge.net/projects/mrplanet/ 
OPENILLUSIONIST: http://www.openillusionist.org.uk 
OSGART: http://www.artoolworks.com/community/osgart/ 
STUDIERSTUBE with ARTOOLKITPLUS: http://studierstube.icg.tu-graz.ac.at/ 

Appendix 10.2: Selection of Research Groups 

- Augmented Reality - research projects, Bauhaus University. 
http://www.uni-weimar.de/~bimber/research.php 
- Augmented Environments Lab, Georgia Institute of Technology:  
http://www-static.cc.gatech.edu/gvu/ael/ 
- Carnegie-Mellon Entertainment Technology lab: 
http://www.etc.cmu.edu/about/index.html 
- Computer Graphics and User Interfaces Lab, Columbia University. 
http://www1.cs.columbia.edu/graphics/top.html 
- Fraunhofer Institute for Applied Information Technology FIT, Collaborative Virtual 
and Augmented Environments: http://www.fit.fraunhofer.de/services/cvae_en.html 
- HIT Lab, Human Interface Technology Lab Washington: 
http://www.hitl.washington.edu/ 
- HIT Lab NZ Human Interface Technology Lab, New Zealand: 
http://www.hitlabnz.org/route.php?r=home 
- Mixed Reality Laboratory, University of Nottingham:  
http://www.mrl.nott.ac.uk/ 
- Mixed Reality Laboratory, Singapore 
http://www.mixedrealitylab.org 
- STUDIERSTUBE, Wien and Graz University of Technology:  
http://studierstube.icg.tu-graz.ac.at/ 
- Computer Aided Medical Procedures & Augmented Reality, Technischen Univesity. 
Manchen, Munich: http://campar.in.tum.de/Chair/ResearchAr 
- Wearable Computer Lab. University, South Australia. 
http://www.tinmith.net/wearable.htm 
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Abstract. Digital art has expanded, challenged, and even redefined notions of public art and 
supported the concept of a networked commons. The nature of agency within online, networked 
"systems" and "communities" is crucial to these developments. Electronic networks enable 
exchange and collectivist strategies that can question existing structures of power and 
governance. Networks are public spaces that offer enhanced possibilities of interventions into 
the social world and of archiving and filtering these interventions over time in an ongoing 
process. Networked activism and tactical response as well as artistic practice that merges 
physical and virtual space and augments physical sites and existing architectures are among the 
practices that are important to the impact of digital public art on governance. 

11.1   Introduction 

Digital technologies and new media art have expanded, challenged, or even redefined 
concepts of what constitutes public space, the public domain, and public art. Today's 
culture is to a large extent revolving around flows — of data (texts, images, and 
sounds), technologies, communication, and interaction — and supports the concept of 
a networked commons, which raises questions about agency, control, and governance. 
As David Garcia has pointed out, "these flows are not just one element in the social 
organization, they are an expression of processes dominating our economic, political, 
and social life." [1] 

This essay will examine how digital art has used electronic networks to redefine 
the notion of public space by enhancing possibilities of various kinds of interventions. 
These interventions can take the form of an archiving and filtering of public 
contributions; a merging of physical and virtual space; an augmentation of physical 
sites and architectures; social softwares, or collectivist and activist strategies and 
tactical response. 

In this context, it is necessary to consider artistic approaches to the mass media in 
general, as well as possibilities of understanding the networked commons in relationship 
to concepts such as authority, control, and governance.  

Electronic networks have brought about formal redefinitions of what we understand 
as "public" and opened new spaces for artistic intervention. So-called "public art" has a 
long history, and the term has traditionally been used for art that is displayed in public 
spaces existing outside of a designated art context (in this sense, the museum and 
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gallery are not a public space); or for performative events in public space (for example 
works created by art movements such as Fluxus or the Situationists).  

An important element in all public art is the varying degree of audience 
participation and agency. Agency manifests itself in the possibilities for influencing, 
changing, or creating institutions and events, or acting as a proxy. Degrees of agency 
are measured by the ability to have a meaningful effect in the world and in a social 
context, which naturally entails responsibilities.  

In "The Artist as Ethnographer," [2] Hal Foster has outlined one of the inherent 
dangers of "public art" practice: that an artist engaging communities or sites outside 
of an art context might simply appropriate a community in the creation of a personal 
or autobiographical narrative of the artist's identity. The worst-case scenario being 
that a colonizing and romanticized appropriation of a community ultimately becomes 
a representation that the public identifies with the community itself.  

The fact that digital art is inherently interactive, participatory, or even collaborative 
and — in its networked manifestation — potentially open to exchanges with trans-
local communities, makes questions surrounding agency and the authority of 
authorship a central element of new media art practice. In media art, any form of 
agency is necessarily mediated. The degree of agency is therefore partly determined 
by the levels of mediation unfolding within an artwork. The agency of the creator / 
user / public / audience is also highly dependent on the extent of control over 
production and distribution of a work, which has been a central issue of the discourse 
on mass media. 

11.2   "Technologies for the People": The Democratization of Mass 
Media and Its Discontents 

Affordable software and hardware, the internet, and mobile devices such as PDAs 
(Personal Digital Assistants such as Palm Pilots) have brought about a new era for the 
creation and distribution of media content. The utopian promise of this era is 
"technologies for the people" and a many-to-many (as opposed to one-to-many) 
broadcasting system that returns the power over distribution to the individual and has 
a democratizing effect. The internet promised immediate access to and transparency 
of data and, in its early days, was dominated by research and educational institutions 
and a playground for artistic experimentation. The dream of a "network for the 
people" did not last long and from the very beginning, it obscured the more complex 
issues of power and control over media. While the internet is hailed as a "global" 
network, only a portion of the world is connected to it. At a time when the traffic on 
the information superhighway was consistently increasing in the US, many other 
countries didn't yet come along for the ride, largely due to the lack of local access and 
the fees charged by telecommunications companies; wide areas of the world do not 
have access to the internet and some countries have been subject to government-
imposed access restrictions. The internet itself quickly became a mirror of the actual 
world, with corporations and e-commerce colonializing the landscape. While the burst 
of the "dot com" bubble ended a lot of the hype surrounding the internet economy and 
led to reconsiderations of e-commerce, the industry of digital technologies is very 
much alive.  
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The potential of a shift to many-to-many distribution networks was recognized 
much earlier and artists had started to expand the possibilities of the one-to-many 
broadcasting media at a time when the concept of many-to-many distribution systems 
was hardly recognized by the public in general. In the 1960s, Max Neuhaus defined 
new arenas for music performance by staging sound works in public arenas and 
experimenting with networked sound as a form of "virtual architecture." In the first 
installment of his project Public Supply (1966), he established a connection between 
the WBAI radio station in New York and the telephone network, implementing a 20-
mile aural space around New York City, where participants could intervene in the 
performance by making a phone call.  

Many-to-many distribution also was one of the dreams of video art, the "new" 
media of the late 20th and 21st century. When Sony portapaks became available in the 
late 1960s, artists and activists used this portable recording power for establishing 
alternative media networks, addressing issues of documentation and representation in 
the context of control over media distribution. Cooperatives and collectives such as 
Paper Tiger Television, Downtown Community Access Center, Video In 
(Vancouver), Amelia Productions, Electronic Café International, and the Western 
Front established and used public video-production facilities and telephone 
networking, media training initiatives, and cable access for the creation of alternative 
media networks, linking artists and communities. However, the attempt to establish 
distribution systems for the public at a larger scale ultimately failed. Apart from the 
fact that media systems can only be reconfigured with the combined creative 
endeavors of many individuals, earlier technologies such as video also still required 
far more complicated processing and distribution facilities than today's new media do. 

Using "new technology" such as video and satellites, artists in the 1970s also began 
to experiment with live, networked performances that anticipated the interactions now 
taking place on the internet and through the use of streaming media. The focus of 
these projects ranged from the application of satellite technology for extending the 
mass dissemination of a television broadcast to the aesthetic potential of video 
teleconferencing and the exploration of real-time virtual space that collapsed 
geographic boundaries. At Documenta VI in Kassel, Germany, in 1977, Douglas 
Davis organized a satellite telecast to more than twenty-five countries, which included 
performances by Davis himself, Nam June Paik, Fluxus artist and musician Charlotte 
Moorman, and Joseph Beuys. In the same year, a collaboration between artists in New 
York (Liza Bear and Willoughby Sharp) and San Francisco (Sharon Grace and Carl 
Loeffler) resulted in Send/Receive, a fifteen-hour, two-way, interactive satellite 
transmission between the two cities. Also in 1977, what became known as "the 
world's first interactive satellite dance performance" — a three-location, live-feed 
composite performance involving performers on the Atlantic and Pacific coasts of the 
United States — was organized by Kit Galloway and Sherrie Rabinowitz, in 
conjunction with NASA and the Educational Television Center in Menlo Park, 
California. The project established what the creators called an "image as place," a 
composite reality that immersed performers in remote places into a new form of 
'virtual' space. In 1982, the Canadian artist Robert Adrian, who had begun working 
with communication technology in 1979 and created various projects involving fax, 
slow-scan TV, and radio, organized the event The World in 24 Hours, during which 
artists in sixteen cities on three continents were connected for twenty-four hours by 
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fax, computers, and videophone and exchanged and created 'multimedia' artworks. All 
of these performative events were first explorations of the connectivity that is an 
inherent characteristic of networked digital art. 

Digital networks finally allowed a fairly fluent and broader implementation of this 
many-to-many model. While it would be problematic to forget about the limitations of 
access to the internet or digital technologies that still exist in large parts of the world, 
today's networking capabilities by far extend the reach that any of the previously 
mentioned artistic projects achieved. However, digital technologies are deeply 
embedded in various layers of commercial systems, and media control does by no 
means fully lie in the hands of the individual. However, it is the nature of digital 
technology itself that makes the boundaries of industrial, governmental, and legal 
control more porous and has redefined traditional systems of media control.  

In order to trace the promise and reality of digital technology's potential to re-
mediate these systems, it seems opportune to take a look back at past evaluations of 
this type of technological promise, most notably the "exchange" that took place in the 
1970s between Hans Magnus Enzensberger and Jean Baudrillard on the then "new" 
media. 

Hans Magnus Enzensberger's landmark essay "Constituents of a Theory of New 
Media" [3] — originally published in the New Left Review in 1970 — offered a 
perspective on the new electronic media of the time that in retrospect seems 
remarkably visionary and dated at the same time. Informed by an essentially Marxist 
perspective, Enzensberger saw the media of the 70s as a major reconfiguration of the 
production process: "For the first time in history, the media are making possible mass 
participation in a social and socialized productive process, the practical means of 
which are in the hands of the masses themselves." [4] 

Enzensberger sees television or film as media that prevent rather than enable 
communication since they allow no reciprocal action between transmitter and receiver 
but reduce feedback to a lowest common denominator. As he points out, this 
limitation of the communication process mostly is not inherent to the technology 
itself, which would allow for the reconfiguration of the transistor radio from a 
receiver into a potential transmitter by circuit reversal. Media equipment is therefore 
both a means of consumption and production, and the boundary between the 
distribution and communications medium is a fluid one. The division between 
receiver and transmitter, as Enzensberger makes clear, reflects the one between 
producer and consumer. [5] 

Revisiting Enzenberger's essay today, it often is easy to forget that he was not writing 
about the inherent potential of digital networks or the World Wide Web as 
communications medium. Other conclusions he draws, however, come as a surprise — 
among them the assumption that the great advantage of a switchable network is that it 
can no longer be centrally controlled [6] and thus undermines authoritarian, top-down 
systems. In the age of Echelon and packet-sniffing — the monitoring of network traffic 
and 'eavesdropping' on the information exchanged — by federal agencies, it is hard to 
imagine that Enzensberger could not see that control itself can rely on decentralized 
systems (as Baudrillard would point out in his reply).  

The most debatable assumption Enzensberger makes may very well be that "The new 
media are egalitarian in structure." [7] As Jean Baudrillard points out in "Requiem for 
the Media," his reply to Enzensberger's essay, "the media are not even, somewhere else 
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or potentially, neutral or non-ideological." [8] Particularly in the context of today's new 
media, it is crucial to be aware of the encoded agenda — political, commercial etc. — of 
any hardware or software, which has become a prominent topic in software art. 

While Baudrillard appreciates Enzensberger's attempt to go beyond a "dialectic" of 
transmitter and receiver, he is fundamentally critical of the concept that the media 
allow mass participation in a productive process: "The mass media are anti-mediatory 
and intransitive. They fabricate non-communication — this is what characterizes 
them, if one agrees to define communication as an exchange, as a reciprocal space of 
a speech and response." [9] 

11.3   Governance, Protocol and the "Terrorism of the Code" 

Baudrillard's main criticism concerns the very structure of media itself, the 
transmission-reception process, which — in his opinion — does not allow for 
response or an exchange of speech. The problem according to Baudrillard lies in the 
ideological matrix embraced by communication theory (and formalized most notably 
by Roman Jacobson), which is based on the following sequence: 

TRANSMITTER - MESSAGE - RECEIVER 
(ENCODER - MESSAGE - DECODER) [10] 

Baudrillard calls the above "matrix" a simulation model of communication since it 
supposedly excludes reciprocity of interlocutors and makes a message impossible 
since it would only exist within the categories of "emitted" and "received." "Terrorism 
of the code" is how Baudrillard describes this condition since the code — at least in 
his model — becomes the only agency that speaks. [11] 

In the context of today's networked exchanges (be they e-mail, real-time chat, or any 
other from of communication), Baudrillard's argument at times becomes difficult to 
follow. Apart from the fact that these exchanges allow for an immediate, real-time 
response, it is debatable whether the process of "encoding" applies only to technology. 
One could argue that verbal human exchanges are highly reliant on codes (be they 
linguistic or social) and therefore are encoded and decoded on the speaker's and listeners 
end. The ambiguity of the "pure," verbal message is not erased through technological 
transmission but the latter adds further layers of mediation, which very often increase 
ambiguity. The seeming need for the so-called emoticons in e-mail messages is one 
indicator of the insecurities surrounding the proper reception of a message.  

What Baudrillard proposes as a solution is a "symbolic exchange relation," in 
which there is a simultaneity of response: "The symbolic consists precisely […] in 
restoring he ambivalence of meaning and in demolishing in the same stroke the 
agency of the code." [12] Interestingly, Baudrillard seems to see graffiti (a fairly static 
"response") as such a form of symbolic exchange.  

In today's digital societies, it is hard to imagine how to escape the trap of controlled 
communication, be it on a technological or symbolic level. In contemporary theory, both 
humans and machines are frequently understood as "coded devices." According to 
theorists such as Katherine Hayles, we have already become "post-human" — 
technologically or biologically extended humans. In the context of digital technologies, 
agency has become distributed in terms of location, and as interconnected with code as 
with natural language. There seems to be no escape from code (in the broadest sense) 
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and while its agency is much discussed today, it is neither perceived nor examined as a 
form of terrorism. 

In the networked digital world, one layer of control and authority consists of the 
multiple protocols that enable and determine exchanges. In his book Protocol - How 
control exists after decentralization, Alex Galloway describes protocols — the sets of 
rules that govern networked relations — as based on two opposing technologies: one 
distributing control into autonomous locales, the other centralizing it in defined 
hierarchies, with the tension between the two creating the conditions for 
protocological control. [13] 

Among the many protocols that control network relations are those enabling data 
transmission over the internet, such as TCP / IP (Transmission Control Protocol / 
Internet Protocol) and UDP (User Datagram Protocol); the Domain Name System 
(DNS), which handles internet addresses; and the Hypertext Transfer Protocol (http), 
which enables the retrieval of documents over the World Wide Web. The tension 
between autonomy and hierarchy on the internet becomes obvious in the difference 
between client-server relationships (allowing a client to retrieve information from a 
server via a personal computer) and peer-to-peer ones (providing a direct link for 
exchange between computing devices). Peer-to-peer as opposed to client-server 
becomes a philosophical as well as political issue: peer-to-peer is the promise of the 
liberation from the server as a hierarchical structure. 

It would be a misconstruction to understand digital networks as either 
democratizing and empowering the consumer or completely determined by control 
mechanisms and the technological industry. The reality is closer to a "both / and." The 
existence of networks has opened up new spaces for autonomous producers and DIY 
culture, as well as the industry of market-driven media. The same technologies can 
often be applied to very different ends and effects, as the project Carnivore by Alex 
Galloway and the RSG (Radical Software Group) perfectly illustrates. Inspired by the 
packet-sniffing software DCS1000 (once nicknamed "Carnivore") that is used by the 
FBI to perform electronic wiretaps and search for certain "suspicious" keywords, 
Carnivore consists of an application that performs packet-sniffing on a specific local 
area network and serves the resulting data stream, as well as the "client" applications 
created by numerous artists, which interpret the data in visual ways. The project 
makes the source code of the software available to anyone interested in using it — as 
opposed to limiting its use for the purpose of surveillance — and defies an easy 
categorization of surveillance as either positive or negative. 

In Empire, Hardt and Negri argue that the new paradigm of the global world order 
is configured as a dynamic and flexible systemic structure that is constructed 
horizontally — a "governance without government" that subsumes any "actor" (and, 
one would assume, agency) under the totality of the order of the whole. The supreme 
authority of the ordering effectively integrates everything and at the same time calls 
for more central authority. Hardt and Negri think of this "governance without 
government" as a machine that predetermines the exercise of authority and action 
across the entire social space where every movement can find its designated place 
only within the hierarchical relationship imposed on it by the system itself. [14] 

While one can understand Hardt's and Negri's imperial world order as a unique 
mode of economic, political and cultural organization in general, it seems harder to 
apply it to the technological network of the internet in specific. The previously 
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mentioned "both / and" structure of the internet certainly involves numerous protocols 
but at the same time, every module or protocol in this structure inherently 
encapsulates the possibility of both command and control and is configurable: what 
constructs control and authority also encapsulates the possibility of undermining and 
dismantling it. In the context of the networked commons, the concept of "governance 
without government" could also be revisited in terms of the interplay between 
openness to public participation vs. rules and mechanisms of access. 

11.4   The Networked Commons 

Main Entry: common 
Function: noun 
Date: 14th century 

1 plural : the common people 
2 plural but singular in construction: a dining hall 
3 plural but singular or plural in construction, often capitalized  
 a: the political group or estate comprising the commoners  
 b: the parliamentary representatives of the commoners  
 c: HOUSE OF COMMONS 
4 the legal right of taking a profit in another's land in common with the owner or  
others 
5 : a piece of land subject to common use: as  
 a: undivided land used especially for pasture  
 b: a public open area in a municipality  
(WWWebster dictionary) [15] 
 

In its original meaning, the term "commons" refers to land or a public area that is open 
to common use, the group of the commoners or their parliamentary representatives. In 
2001, the founders of the Sarai New Media Initiative in Delhi published a reader on the 
public domain and introduced the term "Digital Commons." [16] 

The idea of the digital or networked commons obviously requires a reconsideration 
of traditional definitions: the public space here is not a shared territory but a non-
locality consisting of global communication systems that, while subject to protocols 
and regulations, largely exist outside of a single nation's or state's jurisdiction; the 
"commoners" also can not be defined strictly in terms of physical location but often 
are communities of interest that share ideas and knowledge and are dispersed around 
the world.  

The concept of the (networked) commons is also inextricably interconnected with the 
notion of the public domain, which — as a social and cultural space — can be 
understood as a shared site of ideas in the broadest sense. In 1998, the Society for Old 
and New Media (De Waag) in Amsterdam started a research project titled "Public 
Domain 2.0," which was an attempt to reassert public agency in the information age and 
"address the conditions of the unfolding era of global information and communication 
systems." [17] The goal of the project is to design future public spaces in digital media 
environments that are monopolized by neither commercial interests nor a state and 
driven by active public participation. 
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The narrower, juridical and computing definitions of the public domain are rooted 
in notions of property right and copyright and point to the complex legal issues raised 
by digital technologies and networks and their inherent capabilities for appropriation 
and sharing. 

 
Juridical Definition:  
1: land owned directly by the government 
2: the realm embracing property rights that belong to the community at large, are  
unprotected by copyright or patent, and are subject to appropriation by anyone  
(Date: 1832)  
(WWWebster dictionary) [18] 
 

Computing definition:  
(PD) The total absence of {copyright} protection. If something is "in the public  
domain" then anyone can copy it or use it in any way they wish. The author has  
none of the exclusive rights which apply to a copyright work.  
 

The phrase "public domain" is often used incorrectly to refer to {freeware} or  
{shareware} (software which is copyrighted but is distributed without (advance)  
payment). Public domain means no copyright — no exclusive rights. In fact the  
phrase "public domain" has no legal status at all in the UK.  
[The Free On-line Dictionary of Computing] [19] 
 

In "Constructing the Digital Commons," [20] Eric Kluitenberg refers to writer and 
policy strategist David Bollier's argument that the concept of the public domain and the 
commons should be differentiated from each other. [21] Bollier distinguishes between 
the public domain as a passive open space that can be shared by anyone and everyone, 
implies no boundaries and ownership and therefore does not require responsibility for 
resources; and the commons as a space of shared resources (land, means of production, 
information) that is collectively owned by a more or less well-defined community and 
therefore implies boundaries: "There are rules and mechanism of access, and limitations 
on use that are defined by the shared values of the community sharing these resources." 
[22] 

While Bollier's distinction is helpful and makes an important point, the boundaries 
between the public domain and digital commons can still be fluid. When it comes to 
art in the public space of networks, concepts such as passive vs. active space 
(agency), collective owner- and authorship, as well as rules and mechanisms of access 
are a complex interplay between technologies, software, authors, and users. 

11.5   Art in the Networked Commons 

Networked new media art that exists in the public space of networks — be it internet 
art or art involving mobile media such as cellphones and PDAs — can be understood 
as public art. Compared to more traditional forms of public art practice, internet art, 
which is accessible from the privacy of one's home, introduces a shift from the site-
specific to the global, collapses boundaries between the private and public, and exists 
in a non-local space.  
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As other manifestations of new media art (such as networked installation or virtual / 
augmented reality works), net art can support varying degrees of interaction, ranging a 
from trigger-response interaction within a closed system or a relatively preconfigured 
database of elements; and participation within parameters set by artists; to the creation 
of these parameters and rules. 

Fostering audience agency is an activist goal for many artists, and digital 
technologies have at least increased the technological possibilities for agency, even if 
these possibilities are not necessarily fulfilled. In the context of technological 
environments, one always needs to consider the respective degrees of agency of 
authors and participants, softwares, and systems. 

Art in the networked space enables various kinds of interventions, which will be 
discussed in the following with regard to the idea of the shared production, and 
information resources of the digital commons. 

11.5.1   Filtering and Archiving Public Contributions 

Digital technologies offer enhanced possibilities of archiving and filtering public con-
tributions over time in an ongoing process, which has become an underlying mechanism 
of many net art projects. In these cases, the creation of meaning is obviously dependent 
on both public participation and the respective filtering mechanisms. 

 

Fig. 11.1. Margot Lovejoy, Turns, screenshot 

Margot Lovejoy's Turns [Fig. 11.1], for example, invites visitors to share personal 
stories of life turning points. On the website, stories are represented as pebble-like 
shapes that can be opened and returned to the narrative pool. The stories can be 
browsed according to 12 categories (such as education, relationships, health, trauma, 
family or war) and can be filtered according to gender, ethnicity, or the time at which 
the turning point was experienced. While the individual stories may be of varying 
quality or interest, they become a more complex social memory through the relational 
filters and lenses. The site becomes a reflection on the ways in which new media are 
influencing and changing notions of the individual in a social context.   

A very different type of filtering unfolds in Warren Sack's Agonistics - A Language 
Game [23] [Fig. 11.2], which creates a space of interactive, graphical objects and 
dynamics inspired by the concept of "agonistics" (the science of athletic combats, or 
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contests in public games). Theorists such as Chantal Mouffe have been interested in 
the democratic potential of agonistic contests, using metaphorical images and actions 
to describe verbal contests as a language game. Sack's project draws on these ideas 
and applies them to online discussion forums.  

 

Fig. 11.2. Warren Sack, Agonistics — A Language Game, screenshot 

Using any e-mail program, players can post to online, public discussions (for 
example, Usenet newsgroups or the Rhizome mailing list), and the project then 
translates players' messages into a graphical display where participants are 
represented by thumbnail images. Players are assigned a position on "fields" 
depending on the content of their message and are placed in relation to the other 
players who posted a message on the same theme. After each new message posted to 
the discussion, everyone's position is algorithmically recomputed. By posting a 
message to the discussion that voices a specific opinion about a theme, players can 
move themselves closer to or farther away from certain other players.  

While both Turns and Agonistics enable participation and filtering on the basis of 
rules that are established by the artists (and the algorithms they use) and can be 
performed by participants, they create an enhanced awareness of an individual's 
"positioning," be it in a social context or in the ways they express their opinion. 
"Systems" and "communities" are traditionally understood in opposition to the 
privileging of the individual but systems can create narratives that highlight 
relationships between individuals.  

As Sharon Daniel has argued, the increasing reliance of culture(s) and social 
systems on networks of exchange and economies of relation has induced a shift in art 
practice from individual authorship to models based on self-organizing systems. [24] 
However, the openness of so-called self-organizing system still varies considerably. 
Katherine Hayles has pointed out that such systems are still often "informationally 
closed" since they respond to stimuli based on their own, internal self-organization. 
[25] The transformation of a system through input from collaborating participants 
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occurs in the acts of interpretation, translation, manipulation, contribution, and 
recombination of data. 

11.5.2   Collaborative Creation 

The shift from individual authorship to a collaborative creation process can manifest 
itself in various models, including public contributions to systems established by 
artists or the collaborative creation of the underlying system for the artwork itself. An 
example would be Natalie Bookchin's agoraXchange [26], an online community for 
designing a massive multi-player global politics game aimed at questioning violence 
and inequality of present political systems and exploring issues of government and 
governance. The project was commissioned by Tate Online and launched on March 
15, 2004. The project explicitly invites participation by individuals, groups, classes, 
or organizations and the development takes place in a collaborative virtual space 
called the "Game Design Room." It is interesting to note that agoraXchange 
establishes certain governing rules by asking that proposals must be consistent with 
the four Decrees of the project (citizenship by choice, not birth; no inheritance; no 
rules for kinship relations established by a state; no private landrights).  

Issues similar to the ones addressed in agoraXchange are explored in the online 
simulation game NationStates [27], which was not conceived as an art project but as a 
promotion for Max Barry's novel Jennifer Government, on which the game is based. 
While the book is set in an ultra-privatized world, the game allows players to create 
any type of nation. They are asked to choose a name, motto, national animal, and 
currency for their nation and then have to answer a short questionnaire about their 
politics. The questionnaire determines the type of nation, for example authoritarian or 
permissive; left-wing or right-wing; compassionate or psychotic. Once a day, players 
are faced with an issue — written by the author or a player and/or edited by a 
moderator — and need to make a decision about it, which in turn determines how the 
nation evolves. 

NationStates functions on the basis of three main scales: personal, economic, and 
political, which each can be authoritarian (moral, or restrictive) or libertarian (liberal, 
or laissez-faire). On each of the three main scales, nations are ranked as having high, 
average, or low amounts of freedom (or permissiveness). On the basis of the rankings, 
nations are assigned one of 27 possible labels by the UN, the world's governing body 
that proposes and votes on resolutions, which are then binding on all member nations.  

There is no way of "winning" the game per se although making it onto the top 
rungs of a United Nations report certainly is a measure of success. The reports, which 
rank nations on anything from economic strength to the most liberal public nudity 
laws, are compiled once per day, one for each Region and one for the entire world. 
While NationStates relies on ultimately very simple rules and governing systems, and 
gives players only limited control over the design of the system itself, it is an 
interesting take on the interplay of freedom and control (and governance without 
government).  

While NationStates relies on contributors submitting to an established system (that 
gives limited influence over shaping its framework), agoraXchange increases the 
degree of agency by allowing participants to develop the system itself. This form of 
distributed creativity obviously raises questions regarding authorship and crediting, 
particularly in an art context, which traditionally favors the "single creator" model. A 
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Fig. 11.3. U Maine Still Water Lab, The Pool, interface screenshot 

project addressing these issues is The Pool [Fig. 11.3], developed by Jon Ippolito, 
Joline Blais and collaborators at the University of Maine's Still Water Lab. [28] 

The Pool was specifically designed as an architecture for asynchronous and 
distributed creativity and documents the creative process in different stages: the 
"Intent," a description of what the artwork might be, an "Approach" to how it could 
be implemented and a "Release" of the artwork online. The architecture also includes 
a scaling system that allows visitors to the site to rate any given project. The Pool 
supplies descriptions of projects' versions, reviews of the projects, as well as 
relationships to other works in the database. Tags to contributors make it possible to 
credit all the artists who have worked on a project at any given stage. The Pool 
illustrates the shifts in the paradigm of culture production induced by the digital 
commons where a whole culture can be built upon seed ideas and different iterations 
of a particular project. 

11.5.3   Interventions in Virtual Public Spaces 

Within the networked commons, public space can take several forms. On the one 
hand, one could consider the whole internet as a public space — governed by multiple 
layers of protocols and providing different levels of access. Within this macrocosm, 
individual projects and sites can again create public spaces, dependent on their 
openness to public contribution. As in physical public space, these environments 
allow for different kinds of interventions, ranging from activist (public protests and 
civil disobedience) to more aesthetically oriented ones (similar to interventions in 
public, performances or those by Fluxus or the Situationists). These interventions 
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often take place in gaming environments, which often support a fairly high level of 
agency due to the openness of their architecture.  

In 1997, for example, a naked riot was staged in the popular game Ultima Online 
in order to demand bug fixes and server upgrades. Another famous online protest was 
the "adbusting" campaign Big Mac Attacked, which took place in the online version of 
the game The SIMS. [29] The intervention was prompted by the fact that EA, the 
company who created The SIMS, incorporated McDonald's kiosks in their online 
game. This form of deeply-integrated marketing led to an organized protest that asked 
players to picket McDonald's kiosks and tell visitors what they thought of McDonald's 
food and business strategies; to order and consume virtual McDonald's food and then 
use The SIMS Online's "expressive gestures" feature to emote vomiting, sickness, or 
fatigue; or to open an independent restaurant and ask other Simians to support small 
business people instead of McDonald's franchise-machine. 

  

Fig. 11.4. Schleiner, Leandre, Condon, Velvet-Strike, screenshot 

Another critical intervention in an existing game is the activist art project Velvet-
Strike [Fig. 11.4] by Anne-Marie Schleiner, Joan Leandre and Brody Condon [30], 
which was conceptualized as a direct response to President Bush's War on Terrorism. 
Velvet-Strike is a collection of graffiti that can be "sprayed" on the walls and rooms of 
the shooter game Counter-Strike, a multi-user game that allows participants to play 
members of either a terrorist group or counter-terrorist commandos. Putting the 
"weapon" of public opinion back into the hands of the players, Velvet-Strike enables 
users to spray their anti-war graffitis (one of them reads "Hostages of Military 
Fantasy") onto the walls of the game environment. The project led to massive protests 
and hate mail campaigns by the devoted players of Counter-Strike. 

An online art project less focused on protest but intended as a parody on different 
forms of popular entertainment and their respective "territories," was Joseph 
DeLappe's Quake/Friends [Fig. 11.5] performance series, in which he staged episodes 
from the TV sit-com Friends in the online shooter game Quake III Arena. DeLappe 
describes the work as "a temporal occurrence of clashing inanities." [31] 

The first Quake/Friends performance took place on October 18th, 2002. Seven 
performers connected to the same Quake III Arena game server online and — instead 
of participating in the 3D game — recreated an episode from Friends by logging in as 
one of the characters from the show, and then using the game's online messaging 
system by typing, while at the same time reciting, the lines from the show. The 
performers were constantly killed and reincarnated to continue the performance. A 
few days before the second performance was to take place in front of a live audience 
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Fig. 11.5. Joseph DeLappe, Quake/Friends 

on March 8th, 2003, at the Sheppard Fine Arts Gallery of the University of Nevada in 
Reno, DeLappe received notice from the Warner Brothers legal department that they 
were concerned over possible copyright infringement over the use of Friends material 
in his performance works. Warner Brothers requested that the artist would cease to 
use Friends material in his work and remove all copyrighted Friends material from 
his website. DeLappe considers his work parody and thus protected by "fair use" 
standards established by the United States Supreme Court but reached a compromise 
with WB: he agreed to not perform a new script from the Friends TV show but use 
the same episode that was previously performed.  

Similar projects are Joseph DeLappe's readings of selected works of WWI poet 
Siegfried Sassoon in the online WWII war game Medal of Honor and Adriene Jenik's 
and Lisa Brenneis' Desktop Theater [32] where the artists "invade" The Palace 
environment and use their avatars — graphic representations of themselves — to 
stage performances, such as an adaptation of Beckett's Waiting for Godot. 

While the above mentioned projects essentially use the same strategies and 
methods as protests and performances in public space, they sometimes directly disrupt 
or "rewrite" a commercial software environment. 

11.5.4   Collaborative Mapping of Physical Space  

Network technologies have become all-pervasive and it would be problematic to 
understand the internet and networks in general as a purely virtual territory that has no 
connection to our physical environment. Wireless networks and the use of "nomadic 
devices" such as cell phones and PDAs, in particular, have blurred the boundaries 
between the non-local and locative, and locative media has become one of the most 
active areas in new media art. 

A number of projects have focused on mapping and enhancing existing physical 
spaces and architectures. PDPal [Fig. 11.6] by Scott Paterson, Marina Zurkow and 
Julian Bleecker, for example, is a mapping tool for recording personal experiences of 
public space, more specifically, the Times Square area in New York City and the Twin 
Cities, Minnesota. [33] The tool is available on the Web and can also be downloaded to 
one's PDA. Users create maps by marking locations with little graphic symbols and 
giving them attributes and ratings. While the categories for mapping are relatively 
preconfigured, the prescription of certain categories or meta-tags also allows a more 
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Fig. 11.6. Paterson, Zurkow, Bleecker, PDPal, screenshot 

effective mapping of all the contributions. PDPal is inspired by the idea of emotional 
geographies — as opposed to a traditional cartography based on static sites — and the 
Situationists' concept of "psychogeography," which is frequently referenced in the 
realm of locative and mobile media.  

Similar works are MapHub™ [34]  — developed by members of the media arts and 
writing collective Carbon Defense League and supported by the Studio for Creative 
Inquiry at Carnegie Mellon University — and Q.S. Serafijn's D-tower [35], an art 
piece commissioned by the city of Doetinchem in the Netherlands and co-developed 
by V2_lab. Exploring the idea of shared urban storytelling, MapHub™, currently only 
available in Pittsburgh, allows users to place people, places, events, or notes on an 
interactive map and attach audio, video, or images. People can also use their mobile 
phones to call into the system and add a note. D-tower maps the emotions of the 
inhabitants of Doetinchem in a more specific way than PDPal by concentrating on 
happiness, love, fear, and hate. In D-tower human values and feelings become 
networked entities that also manifest themselves in physical space. The project 
consists of a physical tower, a questionnaire, and a website. Participants receive four 
questions every other day and the project translates their answers directly into a 
graph. The Web interface consists of "landcapes" that, respectively, represent an 
accumulation of all answers and the answers to every single question in the form of 
peaks and valleys. All results are connected to the map of the city of Doetinchem 
according to the zip codes of participants and show where in the city people are most 
scared or in love, and for what reason. The physical tower [Fig. 11.7], designed by 
NOX, is a 36 feet-high structure of geometries formed by polyester surface that has 
been computer-generated (through CNC milling). The four emotions charted in the 
projected are represented by four colors, green, red, blue and yellow, which determine 
the color of the lamps illuminating the building. Driving through the city, people can 
see which emotion is most deeply felt on that particular day. 

In different ways, all of these mapping projects create a virtual, public repository 
for information that supplements physical sites. In terms of the definition of the 
commons, they consist of shared information resources that are collectively built by a 
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Fig. 11.7. Q.S. Serafijn, NOX, D-tower 

 

Fig. 11.8. Blast Theory, Can you see me now?, screenshot of Web interface 

more or less well-defined community and involve boundaries established through 
rules and mechanisms of access. In the case of PDPal, the information can also be 
accessed at the physical site itself and in D-tower, a physical structure is transformed 
through the virtual repository. The enhancement of physical sites also unfolds in the 
form of locative media projects that provide public access to location-specific 
information via wireless networks. 

At this point in time, there are relatively few artworks that have attempted to merge 
virtual and physical space, creating a one-to-one relationship between the spaces or a 
so-called mixed reality (which has been explored mostly within a gaming context). 
An example of this type of artwork would be Blast Theory's mobile game Can you see 
me now? [Fig. 11.8], which essentially takes the form of a chase where online players 
navigate their avatar through the streets of a city map in order to escape from 
"runners" in an actual city who are hunting them. The runners — equipped with a 
handheld computer cum GPS tracker that sends their position to online players via a 
wireless network — attempt to "catch" the online players whose position is in turn 
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sent to the runners' computers. The virtual players can send text messages to each 
other and receive a live audio stream from the runners' walkie talkies. The game is 
over when runners "sight" their virtual opponents and shoot a photo of them (which 
obviously just captures empty space). The game achieves a noteworthy level of 
merging and collapsing physical and virtual space and raises profound questions 
about embodiment in these different sites. Blast Theory's project operates on the 
boundaries of telepresence and -absence: through networking, absence creates a 
presence in its own right that is absurdly documented in the sightings photos. 
Photography, an established mode of technological representation, becomes obsolete 
in the face of a presence — unfolding through virtual movements — that leaves no 
physical trace. As its title indicates, the project questions the very process of seeing 
itself, suggesting a form of perception independent of embodiment. At a time where 
GPS technology and "networked cells" are mostly associated with destructive or 
negative potential (surveillance, war machinery, and terrorism), Blast Theory 
emphasizes the creative possibilities of the human and technological network. 

11.5.5   Remote Intervention in a Site-Specific Environment 

A connection between the physical and virtual also occurs in the numerous 
telepresence or telerobotics projects that establish connections between remote 
locations or allow users to intervene in a site-specific installation via the internet. 
Examples would be the "Relational Architecture" projects by Raphael Lozano-
Hemmer [36], among them Vectorial Elevation, which allowed the public to 
transform an urban landscape by means of more than a dozen robotically controlled 
gigantic searchlights that could be positioned via a website; and Amodal Suspension 
[Fig. 11.9], a large-scale interactive installation developed for the opening of the 
Yamaguchi Center for Arts and Media (YCAM) in Japan in 2003. Using a cell phone 
or web interface, people could send short text messages to each other, which were 
encoded as unique sequences of flashes by 20 robotically controlled searchlights, 
which created a giant communication switchboard in the sky around the YCAM 
Center and transformed the materiality of text messaging. Messages were removed 
from the sky if someone would "catch" them with a cell phone or the 3D Web 
interface.  

 

  

Fig. 11.9. Raphael Lozano-Hemmer and team, Amodal Suspension 
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Fig. 11.10. Goldberg, Santarromana (and project team), Telegarden, networked telerobotic 
installation 

A classic of these telerobotic projects is Ken Goldberg's and Joseph Santarromana's 
Telegarden [Fig. 11.10] installation, which was accessible online from 1995 until 
2005. The work, which was originally located at the University of Berkeley and then 
permanently installed at the Ars Electronica Center in Linz, Austria, consists of a 
small garden with living plants and an industrial robot arm that could be controlled 
through the project website. Remote visitors, through moving the arm, could view and 
monitor the garden as well as water it and plant seedlings. Telegarden explicitly 
emphasizes the aspect of community by inviting people around the world to 
collectively cultivate a small ecosystem. Survival of the ecology is dependent on a 
remote social network. The Telegarden is particularly interesting to consider in the 
context of the commons as "a piece of land subject to common use" since it 
transcends the temporal and spatial continuity that is characteristic of agriculture. 

11.5.6   Social Software — Tools for Representing Communities 

The concept of networked commons also features prominently in so-called "artware," 
that is, alternative models for media systems and tools that are "not just art" but 
proposals for the restructuring or critique of existing media systems.  

The inherent hope and promise here is that software production can be seen in the 
broader context of cultural production or, as Pit Schultz has put it, "that writing code 
has more meaning than making a program run or crash or sell." [37] Software always 
has to be seen as cultural construct, and the creation of artware addresses this 
construct from various angles, including the enhancement or re-engineering of 
existing software products; the creation of alternative, community-driven platforms of 
exchange; and the examination of agency, autonomy, or political agendas in software.  

A wide area of artware consists of "social software" — tools that are aimed at 
providing platforms for community-based exchanges and publishing. An example of 
this type of project would be Nine(9) by the British collaborative Mongrel. Nine(9) is 
a continuation of Mongrel's project Linker [38] and was created by Mongrel member 
Harwood while he was artist-in-residence at the Waag Society Amsterdam. The 
project is an open-source software structure that allows individuals and communities 
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to "map" their experiences and "social geographies." Nine(9) consists of a server-
based application that can incorporate 9 groups x 9 archives x 9 maps = 729 collective 
knowledge maps. An important part of the project as "social software" is an ongoing 
dialogue between users and programmers in order to transcend standardized social 
relations. Nine(9) obviously plays with limitations — in structure or functionality, 
respectively — to test and explore possibilities of software.  

Other projects, such as Liken by criticalartware (Ben Syverson, Jon Cates, Jon 
Satrom and Blithe Riley — core developers) investigate community-driven interfaces 
for social software. [39] Liken is a Web interface (with various different 
manifestations) to criticalartware's database of shared resources that present 
themselves as self-connecting nodes to which users can contribute. The pathways 
connecting the nodes change on the basis of usage, with more "traveled" paths 
growing stronger and paths attracting less interest fading away. Criticalartware's 
approach is that of hybridization, a self-reflexive crossbreeding of interfaces and 
connected threads that becomes a social document in itself. 

An excellent portal for exploring free software tools for collaborative networking 
and media production is the DIVE CD-ROM, which was created by <KOP> 
(Kingdom of Piracy) and commissioned by the VirtualCentre-Media.Net and FACT, 
UK. The CD-ROM includes projects such as Mongrel's Nine(9), Radioqualia's 
Frequency Clock, and LAST.FM, a peer-to-peer network for streaming customized 
selections of music. [40] 

11.5.7   Political Activism, Hacktivism and Tactical Media 

Social softwares can be considered a subcategory of activism, which has a long 
history in art and has continuously addressed issues such as support of 
underrepresented communities, racism, gender-roles, and the control of media and 
information. The possibilities of exchange in the networked commons have 
revitalized collectivist strategies by providing new ways of interconnecting 
individuals and groups, as well as new means of challenging established structures of 
governance and power. The philosophy of free data and information exchange is a 
driving force behind the open source (and Copyleft) movement, which promotes 
unrestricted redistribution and modification of source code (provided that all copies 
and derivatives retain the same permissions). 

The growing importance of control over information, privacy, and data protection 
and the public debate surrounding these issues have made activist art a new force that 
the art world cannot afford to ignore and several art exhibitions have been dedicated 
to activism, hacking, and open source in the information age. [41] The presentation of 
this type of work in an institutional context obviously raises its own set of issues since 
the work itself may run counter to what an institution represents or create legal 
conflicts that museums are not prepared to face. 

Among the artists' groups that have critically examined authoritarian culture as it 
manifests itself through the use of media are the Surveillance Camera Players — who 
have staged performances in front of surveillance cameras — and the Critical Art 
Ensemble (CAE). The charges brought against CAE's Steve Kurtz and his continuing 
legal battle perfectly illustrate both the US authorities' sensitivity to critical 
investigations of policies and the restrictive authoritarian logic governing the current 
political climate. 
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Activist art collectives addressing issues of control systems and mechanisms 
obviously also have to pose questions regarding their own internal organization. As 
McKenzie Wark has pointed out, the internal structure of these groups can easily 
come to reflect the power relations of the outside world; a more "external" problem 
might be that a group attracts media attention and is pushed into merely reacting to 
their own media image. [42] As Wark rightly states, avant-garde groups of the past — 
Dada, Surrealism, the Situationists, the Living Theater, Art & Language — have often 
had a fairly troubled history when it came to their internal structure, relying on 
hierarchical or even dictatorial practices, or exhibiting a "Warhol syndrome of factory 
production with underpaid laborers." CAE, for example, prefer to work in cellular 
structures with a floating hierarchy rather than a "community," which still often has a 
hierarchy of representatives.  

Activist projects in the realm of digital art are frequently using strategies such as 
appropriation, remixing, and the cloning of websites, or employ digital technologies 
as "tactical media" in order to reflect on the impact and control mechanisms of these 
technologies. A popular strategy is to turn the technology back on itself, as the 
Institute for Applied Autonomy does in its iSee project. [43] iSee is a Web-based 
application that creates maps of the positions of closed-circuit television surveillance 
cameras in urban environments. The maps allow users to find routes through the city 
that avoid these cameras and to choose "paths of least surveillance." 

Activist interventions occasionally take the form of hacktivism, a method of 
engagement that uses hacking — the breaking, reformatting and re-engineering of 
data and systems — as creative rather than merely destructive strategy. The spectrum 
of hacktivism encompasses projects that are harmless pranks and interventions that 
operate on the border of legality. The Electronic Disturbance Theater, for example, 
frames its actions as "electronic civil disobedience" [44] and has staged a number of 
virtual "sit-ins" in support of the Zapatista rebels in Chiapas, Mexico, by using self-
authored Web-based software called FloodNet for disrupting the service of targeted 
websites (such as the sites of the president of Mexico and the US Department of 
Defense).  

Etoy [45] as well as the artists collective ®TMark [46] are examples of artists group 
that use corporate strategies and a corporate image to frame and construct their 
'intellectual product.' ®TMark uses a mutual funds model to raise fund for and support 
project ideas suggested by internet users. The projects are usually aimed at undermining 
or providing a counterbalance to corporate interests. Corporate models in activist art 
point to the fact that the internet radically reconfigures context and the boundaries of the 
physical world: on the Web, every artist's project is always embedded in (only one click 
away from) the context of corporate sites and e-commerce.  

The alternative space of the internet resists our traditional, physical model of 
ownership, copyright, and branding. As an open system and archive of reproducible 
data, the Web invites or allows for instant recontextualization of any information. The 
virtual real estate of a company or institution can easily be copied ("cloned") and 
reinserted into new contexts, a tactic that many artists, net activists or hacktivists have 
pursued. When Documenta X decided to "close down" its website after the end of the 
physical exhibition, the artist Vuk Cosic cloned the site, which remains available 
online until today. [47] Cosic also created 7-11.org, mimicking the website of  
the popular American convenience store to create a "convenient" platform for 
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exchange among artists. The project Uncomfortable Proximity [48] by Mongrel's 
Harwood, the first piece of net art commissioned by the Tate Museum for its website, 
is a perfect example of shifting institutional contexts: reproducing the Tate website's 
layout, logos, and design, Harwood tells a history of the British art system that may 
be less than comfortable for an art institution.  

Due to their focus on control and authority, activist art practice and tactical media 
in the public space of the networked commons make issues of governance surface 
most prominently. The networked commons has certainly redefined notions of what 
"public art" is and can be, particularly when it comes to the notion of space, which 
becomes a distributed non-locality. One can argue that a networked environment 
increases the public's agency in several respects — for example through enhanced 
distribution, filtering, and archiving mechanisms that give importance to an 
"individual's voice;" through the fact that intervention is not necessarily bound to a 
geographic space any more; and through a largely decentralized rather than 
hierarchical structure. This obviously does not mean that authority itself has been 
eliminated. As Charles Bernstein has put it, "Authority is never abolished but 
constantly reinscribes itself in new places. … Decentralization allows for multiple, 
conflicting authorities, not the absence of authority." [49] In general, agency has 
become considerably more complex through the process of technological mediation. 

One of the most fundamental differences between the degrees of control and 
agency in analog and digital media lies in the nature and specifics of the technology 
itself. Media such as radio, video or television mostly relied on a technological super-
structure of production, transmission, and reception that was relatively defined. The 
modularity and variability of the digital medium however constitutes a far broader 
and more scattered landscape of production and distribution. Not only is there a 
plethora of technologies and softwares, each responsible for different tasks (such as 
image manipulation, 3D modeling, Web browsing etc.) but due to the modularity of 
the medium, these softwares can also potentially be manipulated or expanded. As a 
result, a certain singularization occurs in the numerous potential points of intervention 
for artistic practice. In this respect, the "new media" may not completely redefine 
connections between art and media but they certainly have opened the field for artistic 
engagement, agency, and conflicting authorities. 
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